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Culvert Manual Section 1 - Introduction

Section 1 Introduction

A s directed by the Engineer of Bridges and Structures, it is the responsi-
bility of the Engineer of Bridge Design to develop, maintain and administer the
policies thatgovernthe design and preparation of plans and specifications for
all bridges under the jurisdiction of the Department of Transportation. The
vehicle by which this policy is controlled is the Bridge Manual.

This Manual is a supplement to the Bridge Manual. The purpose ofthis Manual
is to aid in the design and detailing of single span reinforced concrete box
culverts. Presented hereinis acompilation of design procedures, design charts
and tables, standard details and base sheets.

This Manual is an active Manual inthe respectthat as research, revised criteria
and AASHTO specification revisions dictate, new or revised sheets will be
issued. Itis strongly urged thatasthese sheets are received, they immediately
be incorporated in the book, so that the Manual’s integrity is maintained.
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Culvert Manual Section 1 - Introduction

Notations & Definitions

= gross area of section

area of tension reinforcement

=  width of compression face of member

= footing width of vertical cantilever T-Type wingwall

= footing width of vertical cantilever L-Type wingwall

=  coefficientusedto determine momentin horizontal cantilever wingwall

e 0 wo o > >
I

= distance from extreme compression fiber to centroid of tension
reinforcement

= effect of dead load of concrete

drop of end of wingwall below top of headwall

= effect of earth pressure

m m O O
1]

= width of slab over which a wheel load is distributed for contact
loading
= modulus of elasticity of concrete

m m
n o

= modulus of elasticity of reinforcement
= height of headwall above top of top slab

—_ —h

(@]

= gspecified compressive strength of concrete
= gspecified yield strength of reinforcement
fill height above top of culvert

0 T <P
1

= distance from invert to top of top slab (used in design of horizontal
cantileverwingwalls)

H = clear height of culvert

H = heightused in determining horizontal pressure on wingwalls

Hp = distance from bottom of footing to point of intersection of embank-
ment slope and back face of wing stem for T-Type wingwall (Design
Height)

H_ = distance from top of headwall to invert

Hs = stem height of vertical cantilever L-Type wingwall

I = effect of live load impact
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Ky = coefficientfor determining horizontal pressure behind wingwall
Ky = coefficientfordetermining vertical pressure on plane behind vertical
cantilever wingwall

L = effect of live load

L = length of wingwall

M, = factored momentatsection

n = modular ratio of elasticity = E¢/E.

n = value used in determining active earth pressure coefficients. See
Figure3.1.2-1

= factored axial load occuring simultaneously with V,

P = design wheel load

P = horizontal pressure behind wingwall as shown in Section 3.1.2
Py = total horizontal pressure behind wingwall

Py = total vertical pressure on plane behind vertical cantilever wingwall
S = designspan length as defined in AASHTO Article 3.24

T = top slab thickness for cast-in-place box

T =  wingwallthickness for horizontal cantilever and vertical cantilever L-

Type wingwalls

T = thickness of top of stem for vertical cantilever T-Type wingwall
T, = thickness of bottom of stem for vertical cantilever T-Type wingwalll
T = footingthickness of vertical cantilever L-Type and T-Type wingwalll
V. = nominal shear strength provided by concrete

V, = factored shear force at section

W = sidewallthickness

X = toe width of vertical cantilever T-Type wingwall

z = guantity limiting distribution of flexural reinforcement

be = load combination coefficient for earth pressure

q = skewangle of roadway, degrees

r = tensionreinforcementratio = Ag/bd

r, = reinforcementratioproducing balanced strainconditions

Note: Other notations are defined in the text.
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Culvert Manual Section 2 - Barrel Design

Section 2 Barrel Design

2.1 General I he following section covers a complete set of data for the design of simple
span reinforced concrete box culverts using the Load Factor Design Method.

2.1.1 Specifications ~ AASHTO 1996 - Standard Specifications for Highway Bridges with 1997,
1998, and 1999 Interims and as further specified herein.

2.1.2 Design f'e = 3,500psi
Strength f, = 60,000psi
n = Es - 9 (used for computing service load requirements)

Ec

The nominal shear strength provided by the concrete (V) of the top slabis as

follows:
1. For culverts withfill less than 2 feet, the current AASHTO shear
provisions from Art. 3.24.4 are used.
2. For culverts with 2 feet or more fill, the following equation

according to AASHTO Article 8.16.6.7 is used:

V, = {2.14@ + 4600p \l\//‘l’d}bd (Eq. 1)
u

v,d
Where: —4-<1.0 & V. < 4,/f.bd
For single span culverts, V. need not be taken less than 2.5,/f' _bd.

V, and M, are the factored shear and moment occurring at the point
where shear is being investigated.
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2.1.3 Loading

Page 2-2

For the design of sidewalls, V; may be computed by:
1 Nu

Where:
V, <35y cbd
N, is the simultaneous factored axial load atthe pointwhere the shear is being

Ny
Ag

investigated, and is in psi.

Group X of AASHTO Loading Combination, Article 3.22 is modified and applied
as follows:
1.5(D +B.E) +(1.3)§(L +1)

Where:

Be
Be

1.0 for vertical earth load

1.0 or 1.3 for lateral earth pressures

Live Load

The governing load of HS20-44 (excluding lane load), or the alternate military
loading (Interstate only) of two axles 4 feet apart with each axle weighing
24,000 Ibs.

For fills less than 2 feet, the live load is considered as a contact load with a
distribution of E = 4 +0.06S per wheel load (in conformance with AASHTO
3.24.3.2), where S is the design span length in feet as described in section
2.2.1. For fills 2 feet and more, the live load or loads are considered as
uniformly distributed over a square or rectangular area in conformance with
AASHTO Article 6.4 and as shown in Figures 2.1.3-1 and 2.1.3-2. These
figures illustrate the governing load cases for simple span box culverts. The
box culvertlength parallelto the stream is assumed to be longer than the limits
ofthe live load inthat same direction. The effect of live load is neglected when
the fill exceeds 8 feet and is more than the design span.
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I mpact
Thelive load stresses are increased to allow forimpact accordingto AASHTO
Article 3.8.2.3 as follows:

Fills 0'-0"to 1'-0"inclusive 1 =30%

Fills 1'-1"to 2'-0"inclusive | =20%

Fills 2'-1"to2'-11"inclusive 1=10%

Fills  3'-0"and greater No impact
Dead Loads

The dead loads are applied as follows:
Concrete - 150 Ibs/ft®
Earth (E) - 120 Ibs/ft3
Future wearing surface (FWS) - 50 Ibs/ft*

The lateral active earth pressure acting on the sidewalls is assumed as an
equivalent fluid pressure of 40 Ibs/ft2 for the depth of the fill and 50 Ibs/ft for
the height of the barrel. A surcharge of 2 feetis added to the fillwhen live load
is considered in the design of the barrel. (See Figure 2.1.3-3).
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16,000 Ibs. (Typ.) 16,000 Ibs. (Typ.)
// \\ W // \\
L75 F g 175 F £
2.0 < F <2.29’
* 6/ 41 6/
//\\ L //\\ // N7 \\ //\\
/ \ / \ / v \ / \
Z \ Z \
175 F f 4 + 175 F f
2.29°'< F < 3.43°
+ 6/ 41 6/
/ \ /\ / N , \ /' \
SN W /) AN RN / AN
/ \ / \ / \ / \
/ \ / v v \
.75 F 1 6 + 175 F
3.43’ < F < 8.0
14 6’ 4 6
/ AN 7 AN AN /SN 7N AN
/ \ y AN / \ / v AN / AN
/ \ V. W / \N 7/ \N 7/ \
// NS \ // M M \\
/ Vv \ / \
4 + 1.75 F ¢ 6 + 175 F ¢
[- e\ e —l\ I o aY. aY
F > 8.0’
Notes: The effect of live load may be neglected when the depth
of fill is more than 8 feel and exceeds the design span.
The effect of live load impact shall be included where
applicable.
DISTRIBUTION OF HS20
WHEEL LOADS THROUGH FILL
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12,000 Ibs. (Typ.) 12,000 Ibs. (Typ.)
// \\ w // \\
175 F ¢ 175 F £

4' 6/ 41 6/
7 N 7N 7 N 7N
s N7 N W /N s N7\ /N
/ v \ / \ / v \ Vs \
/ \ / \
4 + 175 F f 4 + 175 F £
— ~ ~ ~
2.29°'< F < 3.43°
4' 6/ 41 6/
N 7 N 7
// \N 7/ \\ // \ / \ / \ / \\
, v \ , \ / v \ / \
/ \ / N N/ \
/ \ Vs v v \
/ \ L / \
/ \ / \
/ \ / \
4 + 175 F 4 6 + 175 F f
[-—m— —le -~ ~r ~r
F = 3.43°

Notes: The effect of live load may be neglected when the depth
of fill is more than 8 feet and exceeds the design span.
The effect of live load impact shall be included where
applicable.

DISTRIBUTION OF ALTERNATE
MILITARY WHEEL LOADS
THROUGH FILL

Figure 2.1.3-2
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Live Load '}
Surcharge —
# 2’ Fill
7\
/ N\
/ \
/ \
s / ’ \\ Eq. Fluid
Eq. Fluid q. Flui
Pr.=40 pcf.i" Lo PN ~"|Pr.=40 pef.
\
/ . \
/ \ P
- A - - ~ B_
| |
| |
| |
| |
I Clear Span I
1 1
Eq. : : Eq.
Fluid | - | Fluid
Pr.= I w = w I Pr.=
I S I o
50 pcf. | = |8 | 50 pcf.
| S |
| @© |
| © |
| |
| |
| , , |
| |
| |
| |
| |
| = |
] - T ]
D ~ C
P> P P; P>
1 1
Use when Use when
no Live Load used Live Load included
in Design of Barrel in Design of Barrel
ACTIVE EARTH PRESSURE
ON SIDEWALLS

Figure 2.1.3-3
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2.1.4 Dimensions The minimum cross sectional dimensions of the box culvert are as follows and
in increments of 1/2 inch:
Top Slab - Largest of the following:

a) governed by Load Factor Design
b) 6 inches
C) deflection control recommendations of AASHTO Article

8.9 are not required, but slabs and walls must meet the
serviceability requirements of Article 8.16.8.3and 8.16.8.4
(z =130 Kk/in).

Sidewalls - Largest of the following:

a) governed by Load Factor Design
b) 6 inches
C) 1 inch per foot of clear height

Bottom Slab - Thickness is equal to the top slab thickness plus one

inch.

2.1.5 Variable Box In cases of long box culverts under high fills, it is recommended to reduce the
Culvert concrete thickness of the walls and slabs in areas of lower fill heights under the
Cross- . o , L . :
Sections side slopes where economics indicate a substantial savings in material. This

is generally accomplished by stepping down to the thinner sections at
practicable intervals along the length of the culvert directly beneath the high
end of the shallower fill heights in the side slopes. This practice shall be
considered for single span and multiple span culverts.

2.1.6 Longitudinal For fills less than two feet, the total area of the longitudinal reinforcement

Reinforcement  provided in each of the sidewalls and in the bottom slab is 0.4% of the cross-
sectional area of the concrete in the respective component.

The reinforcement furnished in the bottom of the top slab is an amount equal
to 50% of the area of main reinforcement provided for positive moments, but
not less than 0.4% of the slab area. This reinforcement provides for the
distribution of concentrated loads.
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2.1.7 Settlement
Collar

2.1.8 Staged
Construction

2.1.9 Culvert
Extensions

Page 2-8

Additional reinforcement shall be placed in the top of the top slab if the
thickness is equal to or more than 7.5 inches. (See Figure 2.2.2-1).

For fills of two feet or more, the total area of the longitudinal reinforcement
provided in each of the top slab, bottom slab and sidewalls is 0.4% of the
component’s concrete cross sectional areafor fills equal to or greater than two
feet and less than ten feet. For fills ten feet and greater, this percentage is
uniformly increased until 1% is provided for fills of 100 feet.

In soils susceptible to settlement, it may be necessary to camber the culvertby
castingitinsegments. Theindividual segments are connected with each other
by means of a collar, the detail of which is shown in Figure 4-4.

Skewed single box culverts which require construction parallel with the skew
atthe stage construction line shall utilize a headwall according to Section 3.1.8
along the stage construction line to act as an edge beam. An edge beam
extending below the bottom of the bottom slab shall also be provided. The
dimensions of this edge beam should be the same as for the headwall on the
top slab. The reinforcement provided in the top of the bottom slab along the
edge beam shall be the same as that provided in the bottom of the headwall
for the top slab.

In the event that a headwall is required but the fill is too shallow to allow
placement of the headwall below the roadway pavement, this portion of the
design should be considered a special structural design problem and submitted
to the Bureau of Bridges and Structures for analysis.

The following is the criteria to be followed when extending existing culverts.
Culvert extensions shall be the same type of design as the existing culvert
and shall be designed according to the tables and criteria in this manual. The

culvert extension is to be connected to the existing barrel with 3/4-inch
expansion bolts spaced at approximately 18-inch centers for extensions 15
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feet or less and 24-inch centers for extensions greater than 15 feet. For the
number of expansion bolts required per side, see Figure 4-5.

If possible, the headwall of the existing culvert shall remain in place. If the
existing culvert headwall is far enough removed from the shoulder line so that
it will not require removal, then the end of the culvert extension against the
existing barrel shall be constructed with edge beams supporting the top and
bottom slabs. The cross sectional dimensions and reinforcement of the top
slab edge beam against the existing culvert shall be identical to that used for
the headwall of the culvert extension. See Longitudinal Section in Figure
4-6.

If the existing culvert headwall requires removal and the culvertis skewed, an
edge beam shall be used to support the bottom slab of the culvert extension
adjacenttothe end atthe existing culvert. The cross sectional dimensions and
the reinforcementin the bottom slab edge beam shall be identical to that used
forthe headwall of the culvert extension, as shownin Figure 4-7. The top slab
ofthe existing culvertshall be removedto aline perpendicular to the centerline
of the existing culvert and at least 3 inches behind the existing headwall as
showninFigure 4-7. Special care should be takenwhen removing the concrete
to retain longitudinal reinforcement and dowel rods.

Ifthe existing culvert headwall requires removal and the culvertis straight, the
headwall and top slab shall be removedto aline approximately 9inches behind
the headwall. An edge beam shall be used to support the bottom slab. The
cross sectional dimensions and reinforcement in the bottom slab edge beam
shall be identical to that used for the headwall of the culvert extension.
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2.1.10 Typical The following is a design example of a typical culvert installation, illustrating
Design of

Culvert the use of the standard drawings, and the tables and charts contained in this

manual.

Typical Design (Example 1)
Given: Size 10' Clear Span by 8' Clear Height

Skew: Right Forward 30°
Grade: 0.00% With Crown Elevation at 619.00
InvertElevation:  Upstream 600.50
Downstream 600.00
Roadway: Class (Major & Under 1900 DHV) with
Shoulder - Shoulder 138'-0"
Embankment Slopes 1:6 (V:H)
Crown to Shoulder Drop 7 1/4"

Barrel Design
The following is the procedure to be used to determine the barrel cross sectional
dimensions and reinforcement.

Estimate Fill:
Crown Elevation 619.00
Average Invert Elevation - 600.25
Crownto Invert 18.75
Clear Height -8.00
Fill & Top Slab 10.75
Estimated Top Slab (8 1/2"+) -0.71
Estimated Fill 10.04 ft. use 10'

The high fill (crown to top of culvert) and low fill (edge of shoulder to top of
culvert) should both be checked to determine the governing condition. By
observation the high fill will control for this example.

From the barrel design tables, the top slab thickness is found to be 8 1/2

inches. Since the top slab thickness used in estimating the fill height was
8 1/2 inches, no revisions will be required.
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Barrel Length Calculations

Upstream Downstream

Crown Elevation 619.00 619.00
Crown to Shoulder Elevation _-0.60 ~-0.60
Shoulder Elevation 618.40 618.40
Invert Elevation - 600.50 - 600.00
Shoulder to Invert 17.90 18.40
Clear Height -8.00 -8.00
9.90 10.40
Top Slab & Headwall (8 1/2" + 9") -1.46 -1.46
Shoulder to Headwall 8.44 8.94
Times Embankment Slope __ X6 __ X6
Shoulder to Inside Face Headwall 50.64 53.64
1/2 Shoulder to Shoulder +69.00 +69.00
Centerline to Inside Face Headwall 119.64 122.64
Headwall Width (12") +1.00 +1.00
Centerline to Outside Face Headwall 120.64 123.64

Times Skew Angle Secant x1.15470 x1.15470
Centerline to Outside Face Headwall 139.30 142.77
139'-3" 142'-9"

Total out to out (Rounded off to nearest 3") = 282'-0"

Wingwall Lengths

With the known distance from the top of the headwall to the invert, the skew
angle and a 1:2 (V:H) slope, the wingwall lengths are found to be 10'-6" and
18'-0". (See Figure 3.1.5-2). Wall length greater than 14'-0" indicates use of
vertical cantilever wingwalls for both wall lengths.

Wingwall Design
The following is the procedure to be followed in the design of the wingwalls.
Determine type of vertical cantilever wingwall:
Distance from invert to top of headwall,
8'-0" + (0'-8 1/2") + (0-9") =  9.46 ft.
Distance from invert to grade,
619.00-(600.25avg.) = 18.75ft.
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From Section 3.1.3;
Use T-Type wingwalls.

Design Height Calculations:

Top Slab Thickness = 0-81/2"

Clear Height of Barrel = + 8'-0"

Invert to Bottom of Footing = +4'-0"
12'-8 1/2"

Subtract (1" to 6 1/2") -0-21/2"

Design Height (Hp) = 12'-6"

Compute Fill:
Use estimated barrel fill height
Fill Height = 10.0ft.

From the design tables for the T-Type vertical cantilever wingwalls, the stem
thickness at top and bottom was found to be 10 inches and the footing width
was found to be 6'-8". Using this footing width and the skew angle, the barrel
cut-offwalllengthwas found to be 4'-0" (marked up to nearest 3") (See Figure
3.4.3-1).

Incidental Calculations
The following will illustrate some of the incidental calculations required to
complete the standard drawing:

a, bars - Total number required:
#8 @ 6 1/2" cts (Table for 10' x 8' culvert)
Top & bottom slabs -
2°1.0

Inside to inside of headwalls = 282 .0 - ————— =279.69 ft.
cos 30°

=516.35

_ (279.69)12
trial number ————

use 517 bars
Total a; bars =517 + 517 =1,034 - #8 @ 6 1/2" cts.
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ap bars - #4 @ 2'-0" cts. (From Figure 2.2.2-2).
Inside to inside of headwalls - 279.69 ft.

279.69
trial number 70" =139.85

Try 139 spaces @ 2'-0" cts = 278'-0"
use 140 bars in bottom of bottom slab, and one in
each end of cutoff wall for a total of 142-#4 bars.

d bars - Number Required:
End Cutoff Wall
Clear Opening = 10'-0"
Use 11 bars spaced at 1'-0" cts.
Side Cutoff Wall (See Figure 3.4.3-1)
(4-0M-(91/2"+ (4-0=7-11/2"
Use 7 bars at 12" cts.

Total Number Required

End Cutoff Walls =2x11= 22
Side Cutoff Walls =4x7 = 28
Total d bars 50

h bars - Total number and length required:
#6 @ 12" cts. (Table for 10' x 8' culvert)
Required Length (36'-0" maximum)
282.0

Trial Number = 0 - 7.83, try 9 lengths
Length = 2820 +98(2 ") _a3a1tt
Use length of 33'-2"
Total Number Required
Bottomof Top Slab11x9 = 99
Top of Top Slab 2 x 9 = 18
Total Required = 117

June 2000 Page 2-13



Culvert Manual Section 2 - Barrel Design

h, bars - Total number and length required:
#5 @ 15" cts. (Table for 10' x 8' culvert)
Required Length:

Trial Number = 9 Lengths

282.0 +8(1- 8")
9

Length = =32.81ft.

Use Length of 32'-10"

Total Number Required
Bottom and Top of Bottom Slab 18 x 9 = 162

h, bars - Total number and length required:
16- #6 bars required (Table for 10' x 8' culvert)
Required Length:
Use same length as h bars (33'-2")
Total Number =16 x 9 = 144

h3 bars - Total number and length required (wingwall):
Length required = (10'-6") - 9"-3" = 9'-6"
Number required
Front face spacing 12" cts
Lower portion of wingwall : height = 7'-8 1/2"
Use 8 bars
Upper portion of wingwall : height = 4'-3"
Use 4 bars
Back face spacing + 2'-0" cts
Lower portion of wingwall : height = 7'-8 1/2"
Use 4 bars
Upper portion of wingwall
Use 1 bar
Total number required 17 each wing or 34 for both short
wings.

h, & hg bars - Length required (Headwall):
(See Figure 2.1.10-1)
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hg bars:
Length required =(18'-0") - 9"-3"=17'-0"
Total Number: Similar to h3 above

n(E) and n4(E) bar - From T-Type wingwall tables, for
Hp =12'-6" and fill height 10, the required bars are #6 @
11" cts. and #4 @ 11" cts. spaced alternately.

Long wing trial number ( =37.63

17.25)12
55
Try 36 spaces at 5 1/2" = 16'-6" plus 4 1/2" clearance
at each end. Use atotal of 37 bars or 19 n(E) bars and
18 n4(E) bars in long wing.
In a similar manner, it was found that 11 n(E) bars and

10 n4(E) bars are required in the short wing for a total
of 60 n(E) bars and 56 n4(E) bars.

t, v, and v4 bars - number required:
Use procedure similar to a; bars

V4, Vs, Vg and vy bars - total number and length required
(See Figure 2.1.10-2)

Long wall length - (See Figure 2.1.10-2)

from wing wall length chart (Ly= 18-0"
from head wall corner dimension tables (X)= -0'-9"
Joint (1/2") = -0-1/2"
17'-2 1/2"
Drop (D) -
(See Figure 3.1.5-1)
H 1 n n
D=L _ gz 8'+8.5"+9" 6"
2 2
=4.23' use 4'-3"
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Length of v, bars

Total Height of wall 13-51/2"
Footing Thickness -1'-6"
11'-11 1/2"
Cutoff length n(E) bar (C) -4'-6"
7'-51/2"
Re-bar clear cover -_11/2"
7'-4"
Plus min. overlap (See Section 4) +1'-8"
9'-0"
use 9'-0"

Length of vs bar (See Figure 2.1.10-2)

Stem Height 11-111/2"

Wall slope times distance to

vg bar = (0.247)(5.85) = -1'-5"

10'-6 1/2"
Cutoff length of n(E) bar (C) -4'-6"

6'-1/2"

Re-bar clear cover -_11/2"
5-11"

Plus min. overlap +1'-8"
7-7"

use 7'-9"

Length of vg bars

Stem Height 11'-111/2"
0.247 times dist. to vg bar -2-91/2"
9'-2"
Cutoff length of n(E) bar -4'-6"
4'-8"
Re-bar clear cover -_11/2"
4'-6 1/2"
Minimum overlap +1'-8"
6'-2 1/2"
use 6'-3"
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Use sketch as in Figure 2.1.10-2 to determine number of v,4, vs and

Vg required in short wingwalls.

Total number of v4, v and vg bars: (space to match n(E) bars)

Vy 2x(6+4)=20
Vg 2x(6+4)=20
Vg 2x(7+3)=20

Length of v; bars

(11'-11 1/2") - 3" cl.
11'-8 1/2"
use 11'-8"

Length at tall end of wing

Cut vy bars to fit at other locations.
Use 5-vy at+4'-0"cts. inlong wings and 3-v; at+4'-0" cts. in short
wings.
Total number of v; bars = 2(5) + 2(3) = 16
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10/_ Oll

Maximum Length ha bars (Top)
- 1-65L"
(@] 6/2 n
;L\] 311
12 7’ 4 "

Maximum Length hs bars (Bott.)
11-65"
3"
- 1/2 n

*Note : If stirrups are provided,
15" clearance applies to stirrups 22-11"
instead of h bars.

HEADWALL REINFORCEMENT
EXAMPLE 1

Figure 2.1.10-1
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\ 177-2"
I
| 4
| A
| i
6-#4 va 90 | ur| 6-#4 vs 79 u| 7-#4 vs 639 |
N I (Back Face) (Back Face) (Back Face) |
N
2158 |
| & I
= &
| 3 I| | ~
| ol |
| s |
Q 5-#4 vz bars Front Face _
| = Cut to Fit -
I = |
LONG WING LTop of Footing
T~ 97- 8l
I .
| )

J Note : Space va,vs, & vg
| \*\ N\ bars to match n(E) bars.
|
g-#q va| 17| 4-#a vs | 1| 3-24l —+

. ;i?ac/; (Back Face) (Back Face)
;N ace
= [ , |
ST |
R |
=1 5 I
; s
l m\f 3-#4 vy bars Front Face _!
=2 Cut to Fit T
| = | | |WINGWALL VERTICAL
I | | 4| REINFORCEMENT
SHORT WING Y 15, of Footing EXAMPLE 1

Figure 2.1.10-2
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(90°-skew) + 2(B) = 180°

3= 90 +éskew - 60°

(Skew)+2(a) = 90°

_ 90°-skew _ . .
== - 30

Check: a+[3 = 90°
30°+60° = 90°

Qa

Point "A"

Point "B"

X = x"-x’
x" = [(Cos a) = 18.00’ (Cos 30°)

x = 18.00" (Cos 30° - 2— (Sin 30°

2"
= /5.505" Use 15'-6"
y=y" oty
y" = L(Sin @) = 18.00° (Sin 30°)

- . s oy » 2 °
y = 18.00° (Sin 30°) iz (Cos 30°)

= 9.144° Use 9'-1°4"

Short Wing similar: Py
10.57 (Cos 60°) - 5+, (Sin 60°)

X = 2
= 5,005, Use 5°-1'y"
- ’ . ) + 2" °
y = 10.5" (Sin 609 ;= (Cos 60°)
= 9177, Use 9°-2l"

Point "A™"

Point "B"

n

x’=offset (Sin Q)=

2"
57 (Sin 30°)

(Cos 30°)

. __2
y’=offset (Cos Q) DR

WINGWALL DIMENSIONS
LONG WING
EXAMPLE 1

Figure 2.1.10-3
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2.2 Simple Span
Box Culverts

2.2.1 Design T he top slab of a simple span box culvertis simply supported and designed
assuming beam action alone. The axial load in the top slab resulting from
lateral pressuresis neglected. The designspanisthe perpendicular distance
center to center of sidewall, but not greater than the clear span plus the top
slab thickness. The top slab is checked for shear, moment, and serviceabil-
ity. Itis designed to resist the dead load of the column of earth above it, the
dead load of the top slab and the contributing live load intensity as illustrated
in Figures 2.1.3-1 and 2.1.3-2. For fills less than two feet, the live load shall
be treated as a contact load and the wheel load shall be distributed as in a
concrete slab (See AASHTO Article 6.4.2) making shear analysis unneces-
sary according to Article 3.24.4. Lane load is not included in the analysis.
When applicable, alternate military loading is considered for strength design
(shear and moment) but is not considered for serviceability analyses (crack
control, fatigue, etc....). Crack controlis checked with avalue of zequal to 130
kips/inch.

The bottom slab is not designed independently, butis assumedto be identical
tothe design ofthe top slab. The bottom slab thicknessis equalto the top slab
thickness (T) shown in the design tables plus one inch. An exception to this
iswhenthe culvertisfounded onbedrock. Inthis case, individual footings may
be designed for the sidewalls in lieu of the bottom slab. The Bureau of Bridges
and Structures shall be contacted for this special design.

The sidewalls are designed for bending and shear due to trapezoidal active
earth pressure loading with two feet of surcharge added to compensate for
the live load if applicable. Also, a concentrated load of combined dead load
and applicable live load is applied to the top of the sidewall with eccentricity
conforming to AASHTO Article 8.16.4.1.1. Impact is not included for the
sidewall live load reactions. The wall is then designed for beam column
action. The wall design span is conservatively assumed to be the distance
between the center of the top slab and the center of the bottom slab. Shear
strength is determined according to AASHTO Article 8.16.6.2.2.
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The Design Tables of Section 2.2.4 are applicable for culverts with skews
< 50°. The primary reinforcement (a, bars) from the Design Tables is
intended to be placed perpendicular to the culvert walls. Sections 2.1.8 and
3.1.8 discuss additional requirements due to skews. Culverts requiring
skews > 50° are considered a special design and shall be submitted to the
Bureau of Bridges and Structures for analyses.

2.2.2 Table Use The cross sectional dimensions, and size and spacing of reinforcement bars
required for the simply supported barrel design are given in the design tables
in Section 2.2.4, and the bar placement details are shown in Figures 2.2.2-1
and 2.2.2-2. The use ofthese tables is predicated on the determination of two
main factors; the culvert size, and the amount of fill on top of the culvert.

Figure 2.2.2-1 shows the top slab details for different combinations of fill
height and slab thickness. Top Slab Section A is used when the fill height is
less than two feet and the slab thickness is equal to or greater than 7.5 inches.
Section B is used if the fill height is equal to or greater than two feet and the
slab thickness is equal to or greater than 12 inches. Section C is used if the
fill height and slab thickness are other than those of Section A & B.

Figure 2.2.2-2 shows the typical cross sections of bottom slab and sidewalls
for use with various clear heights. Typical Cross Section Aisto be used when
the clear heightis lessthan 8 feet. Typical Cross Section B isto be used when
the clear height is equal to or greater than 8 feet and the sidewall thickness
is less than 12 inches. Typical Cross Section C is to be used when the clear
heightis equal to or greater than 8 feet and the sidewall thickness is equal to
or greater than 12 inches.

The typical top slab and cross section details also show the nomenclature
used in the presentation of the tables.

Required reinforcement size, spacing, length, and number of bars are given
in the tables. Any information pertaining to number and length of bars not
included in the tables or shown in the typical sections (Figures 2.2.2-1 and
2.2.2-2) shall be computed by the designer.
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The number of longitudinal reinforcement bars (h) in the top slab as shown
in the tables, and top slab Section C, includes the 2 bars required in the top
of the top slab. The number shown in the tables for the top slab satisfying
conditions of Top Slab Section B includes the total number required in the top
and bottom of the top slab. The number of longitudinal reinforcement bars in
the bottom slab (h,) shown in the tables includes the total number required in
the top and bottom of the bottom slab. The number of longitudinal reinforce-
ment bars in the sidewalls (h,) shown in the tables for sidewall thicknesses
(W) lessthan 12 inches includes the total number required for both sidewalls;
and for sidewall thickness equal to or greaterthan 12 inches includes the total
number required in the inside and outside faces of both sidewalls.

2.2.3 Design Given: 10'x 9" Simple Span Box Culvert,
Example Distance from Grade line to top of top slab 23'-6",
From the table for a 10" x 9' culvert with 25'-0" fill find:
Top Slab Thickness =T = 13 1/2"
Bottom Slab Thickness = 13 1/2" + 1" =14 1/2"
Sidewall Thickness =W =9 1/2"

a, bars (transverse bars - bottom of top slab and top of bottom slab)
#10 at 7" cts.; Total length =14'-1"
Hook Dimension=A=1'-5"
Out to Out Dimensions = 14'-1" - 2(1'-5") = 11'-3"

a, bars - #4 @ 2'-0" cts. - top of top slab
a, bars - #4 @ 2'-0" cts. - bottom of bottom slab.

Total length = 10'-3" for a, bars

h bars (longitudinal bars - top and bottom of top slab when T 3 12")
#6 at 12" cts.; 22 required

h, bars (longitudinal bars - top and bottom of bottom slab)
#7 at 1'-3" cts.; 18 required
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h, bars (longitudinal bars - inside face of sidewalls only when W <12", both
faces when W 3 12"
#7; 18 required (in 2 sidewalls)

v bars (vertical reinforcement in sidewalls)
#8 at 7" cts.; Total length = 9'-6"

v, bars (dowel bar at lower construction joint of sidewalls; not required
if H <8")

#7 at 7" cts.; Total length = 3'-1"

v, bars (vertical bars - outside face of sidewalls when W ® 12")
Not required since W =9 1/2".
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TYPICAL TOP SLAB DETAILS

:L,\"B X*#5 g3 at 18" cts. |—#4 hg at 127 cts.
v : . -— v - -
| a 2 2 A a
[T <71_1

TOP SLAB SECTION - A
Fill Height < 2°-0" & T = 75"’

Tilt hook of a;
bar if necessary
to provide the
specified clearance.
(Typical)

TOP SLAB SECTION - B
Fill Height = 2-0”" & T = 12"

o . .

X PEE P e
;i'\l . La, h '.'..'_\_—Consfrucr/'on Joint

TOP SLAB SECTION - C NOTE:

Fill Height < 2°-0 & T < 75 Number of h bars

or Fill Height = 2°-0"" & T < 12" in top slab includes 2 -
bars in top of the slab

as shown.

* Provide 24’ cl. *'4’" when fill on top slab is zero,
and epoxy coal bars in top slab.

** as bars shall be used in
(— j lieu of az bars designated in

— - Tables, Top Slab Only.
LA B A

91 BARS
TOP SLAB DETAILS

Figure2.2.2-1
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TYPICAL CROSS SECTION DETAILS

Construction Joint T |\’ )
W Clear Span T W
N i = |} N
Sl'! : i_ 1I2 77 .g-. . l. 1/2// N
5 T . T :‘i : ",..lc/. 5
o V] 8 |V &
< o iR
. E\Jla ’ {
. N == = =
Construction Joint—/| (LT a7 g Y & by N L6~

TYPICAL CROSS SECTION - A

T T*#4 ag at *2°-0” ¢

Constr. Jf. N

4 |

ho at 12"
Clear Height

Constr. Jt.—|

| #4 az af
N t2-07 cts

TYPICAL SECTION - B
H=8-0"8&W=<12"

Note:

az bars in bottom slab not
included in design tables, but
are req’d for all spans.

H< 81_01/

Constr.

Ve—!- X

ho at 127 cts
Each Face
Clear Height

b
#5 vz at C '
2’-0" cts. '
Constr. Jt.—

#4 az at
N +2-0’ cts

TYPICAL SECTION - C
H=8-0"8& W= 12"

SIDEWALL AND BOTTOM
SLAB DETAILS

Figure 2.2.2-2
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2.2.4 Design
Tables
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2'CLEAR SPAN BY 2' CLEAR HEIGHT
; a1IBAR S a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART 0 creTe
ALl T | 5| B o |wl 5 | E|ul 8|8 ™ |ul5]2|uld |8 ull|ulf]cuverrs
Nl < | 2 | al| B 2 IN|I 2|2 |N|] | = Sl 2 | & |5 2| & |3 & [5]2]cuvds per
%) & 5 5 ) & > %) % > %) % W ) % w %) W %) > o p

Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.

1 6 [5]|185(|3-10(0-7|2-8| 00 [512]| 5 [4]| 12| 6 6 (4] 9 [29|0] O |0O-0O|OfO-0|5]|4 194

2 6 |4 9 | 38|06|28]| 00 |5|12| 5 |4]|12]| 6 6 |4 9 |29|0|] O [0-0]|0|0-0|5|4 194

3 6 (4| 9 [3-8|(06|28| 00 [5[12]| 5 [4]| 12| 6 6 (4] 9 [29|0] O |0O-0O|O(fO-0|5]|4 194

4 6 |4 9 | 38|06|28]| 00 |5|12| 5 |4]|12]| 6 6 |4 9 |29|0|] O [0-0|]0|0-0|5|4 194

5 6 (4| 9 380628 00 [5[12]| 5 [4]| 12| 6 6 (4] 9 [29|0|] O |0O-0O|O(fO-0|5]|4 194

6 6 (4| 9 [3-8(|(06|28| 00 [5[12]| 5 [4]| 12| 6 6 (4] 9 [(29|0|] O |0O-0O|O(fO-0|5]|4 194

7 6 |4 9 | 38|06|28]| 00 |5|12| 5 |4]|12]| 6 6 |4 9 |29|0|] O [0-0|]0|0-0|5]|4 194

8 6 (4| 9 [3-8|(06|28| 00 [5|12]| 5 [4]| 12| 6 6 (4] 9 [29|0|] O |0O-0|O(fO-0|5]|4 194

9 6 |4 9 | 38|06|28]| 00 |5|12| 5 |4]|12]| 6 6 |4 9 |29|0|] O [0-0]|0|0-0|5|4 194
10 6 (4| 9 [3-8([06]|28| 00 [512]| 5 [4]|12| 6 6 (4] 9 (29|0] O |0-0O|Of0O-0|5]|4 194
11 6 |4 9 | 38|06|28]| 00 |5|12| 5 |4]|12]| 6 6 |4 9 |29|0|] O [0-0]|0|0-0|5|4 194
12 6 (4| 9 380628 00 [5[12]| 5 [4]12| 6 6 (4] 9 [29|0|] O |0O-0O|Of0O-0|5]|4 194
13 6 (4| 9 [3-8|(06]|28| 00 [512]| 5 [4]12| 6 6 (4] 9 [29|0] O |0-0O|O(fO-0|5]|4 194
14 6 |4 9 | 38|06|28]| 00 |6|12| 5 |4]|12]| 6 6 |4 9 |29|0|] 0 [0-0|]0|0-0|6 |4 194
15 6 (4| 9 [3-8|(06|28| 00 [6([12]| 5 [4] 12| 6 6 (4] 9 (29|0| O |00|Of0O-0|6|4 194
20 6 |4 9 |38|06|28]| 00 |6|12| 5 |5]|18 ]| 4 6 |4 9 |29|0|] 0 [0-0|]0|0-0|6 |4 194
25 6 (4| 9 [38(|06|28| 00 [6[12] 5 [5]12| 6 6 (4] 9 (29|0] O |0O-0|Of0O-O0|6|4 194
30 6 {485 38|06|28)| 00 |6|12| 5 |5]|12]| 6 6 |4 9 |29|0|] 0 [0-0|]0|0-0|6 |4 194
35 6 |4|75]|38|06|28| 00 |6|12| 5 |5]|12]| 6 6 |4 9 |29|0|] 0 [0-0|]0|0-0|6 |4 194
40 6 (4| 7 [3-8|06|28| 00 [6[12] 5 [5]12| 6 6 (4] 9 (29|0|] O |0O-0|OfO-0|6|4 194
45 6 |4| 6 | 38|06|28]| 00 |7|12| 65 |5]|12]| 6 6 |4 9 |29|0|] O [0-0]|0|0-0|7 |4 194
50 6 [5| 8 [3-10(0-7|2-8| 00 [7[12]| 5 |[5] 12| 6 6 |4 9 |29|0| 0 [0-0|0|0-0|7]|4 194

June 2000 2-30



2.5' CLEAR SPAN BY 2.5' CLEAR HEIGHT
; a1IBAR S a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART o creTe
ALl T | 5| B o lwl B | E|ul 8|8 ™ |ul5]2 uld |8 ull|ulf]cuverrs
Nl < | 2 | al| B 2 IN|I 2|2 |N| | = Sl 2 | & |5 2| & |3 & |[5]2]cuvds per
%) & - 5 %) & > %) % > %) % w ) % W %) w %) > o p

Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.

1 6 | 5| 7 |44 |07|32)| 00 |6|15| 5 | 5|18 ]| 4 6 (4] 9 [33|]0] O |0-0|O0OfO0-0|5(5 233

2 6 |4 9 |42 |06|3-2]| 00 |6|15| 56 |5|18 ]| 4 6 |4 9 |3-3|]0|] O [0-0|]0|0-0|5]|5 233

3 6 (4| 9 |[42(06|32| 00 [6[15| 5 |[5] 18| 4 6 (4] 9 [33|]0] O |0-0|O0Of0O-0|5(5 233

4 6 |4 9 |42 |06|3-2| 00 |6|15| 56 |5|18 ]| 4 6 |4 9 |3-3|]0|] O [0-0|]0|0-0]|5]|5 233

5 6 (4| 9 [42(|(06|32| 00 [6[15]| 5 5] 18| 4 6 (4] 9 [33|]0] O |0-0|Of0O-0|5(5 233

6 6 (4| 9 |[42(|(06|3-2| 00 [6[15]| 5 |[5] 18| 4 6 (4] 9 [33|]0] O |0-0|Of0O-0|5(5 233

7 6 |4 9 |42 |06|3-2| 00 |6|15| 5 |5|18 ]| 4 6 |4 9 |3-3|]0|] O [0-0|]0|0-0]|5]|5 233

8 6 (4| 9 |[42(|(06|3-2| 00 [6[15| 5 5] 18| 4 6 (4] 9 [33|]0] O |0-0|O0Of0O-0|5(5 233

9 6 |4 9 |42 |06|3-2| 00 |6|15| 56 |5|18 ]| 4 6 |4 9 |3-3|]0|] O [0-0|]0|0-0]|5]|5 233
10 6 (4| 9 |[42(|(06|3-2| 00 [6[15| 5 |[5] 18| 4 6 (4] 9 [33|]0] O |00|Of0O-0|5(5 233
11 6 |4 9 |42 |06|3-2)| 00 |6|15| 56 |5|18 ]| 4 6 |4 9 |3-3|]0|] O [0-0|]0|0-0]|5]|5 233
12 6 |4 9 | 4206|132 00 |6|15| 5 |5]|18 ]| 4 6 (4] 9 [33|]0] O |0-0|Of0O-0|5(5 233
13 6 (4| 9 |[42(|(06]|32| 00 [6[15]| 5 |5 15| 6 6 (4] 9 [33|]0] O |00|O0O(f0O-0|5](5 233
14 6 |4 9 |42 |06|3-2)| 00 |6|15| 56 |5|15]| 6 6 |4 9 |3-3|]0|] O [0-0|]0|0-0|6]|5 233
15 6 (4| 9 |[42(|(06|3-2| 00 [6[15| 5 |5 15| 6 6 (4] 9 [33|]0] O |00|Of0O-0|6](5 233
20 6 |4(85]|4-2|06|3-2)| 00 |6|15| 56 |5 15| 6 6 |4 9 |3-3|]0|] O [0-0|]0|0-0|6]|5 233
25 6 [4|75|42(06|3-2| 00 [6[15| 5 |[5] 15| 6 6 (4] 9 [3-3|]0] O |0-0|Of0O-O0|6(5 233
30 6 |[4| 6 |42 |06|3-2]| 00 | 7|15 56 |5 15| 6 6 |4 9 |3-3|]0|] O [0-0|]0|0-0|6]|5 233
35 6 |5 8 |44 |07|32]| 00 |7|15| 56 | 5| 15| 6 6 |4 9 |3-3|]0|] O [0-0|]0|0-0|6]|5 233
40 6 |[6|65|46(08|32| 00 [7[15]| 5 |5 15| 6 6 (4] 9 [33|]0] O |0-0|Of0O-0|6](5 233
45 (6.5 5| 7 [ 44|07 32| 00 | 7|15 ] 5 |6]| 15| 6 6 |4 9 |34|0|] O [0-0|]0|0-0|7]|5 244
50 7 15 4-4 |0-71 32| 0-0 | 8|15 5 [6]| 15| 6 6 (4] 9 [35|/0] O |0-0|O(f0O-0|7][5 .255

June 2000 2-31



3"'CLEAR SPAN BY 2°' CLEAR HEIGHT
; a;BARD|MENS|ON a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART O creTe
ALl T | 5| B o |wl 5 |E|ul 8|8 ™ |ul5]2 uld |8 ull|ull]cuverrs
Nl < | 2 | al| B 2 IN|I 2|2 |N| | = Sl 2| & |5 2| & |3 & |[5]2]cuvds per
%) & 5 5 %) & > %) % > %) % w ) % w %) w %) > o p
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 6 [6| 8 [50(08|38| 00 |[6([18] 5 [4]| 12| 8 6 (4] 9 (29|0|] O |0O-0O|OfO-0|5]|4 235
2 6 |[4|65| 48 |06|38| 00 |5|12] 6 |4]12 ]| 8 6 |4 9 |29|0|] O [0-0]|0|0-0|5|4 235
3 6 (4| 9 [48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [29|0] O |0O-0O|O(fO-0|5]|4 235
4 6 |4 9 |48 |06|38| 00 |5|12] 6 |4]12 ]| 8 6 |4 9 |29|0|] O [0-0|]0|0-0|5|4 235
5 6 (4| 9 |[48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [29|0|] O |0O-0O|O(fO-0|5]|4 235
6 6 (4| 9 [48(|06|38| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [(29|0|] O |0O-0O|O(fO-0|5]|4 235
7 6 |4 9 |48 |06|38| 00 |5|12]| 6 |4]12 ]| 8 6 |4 9 |29|0|] O [0-0|]0|0-0|5]|4 235
8 6 (4| 9 [48(|06|38| 00 [5(12] 6 (4|12 8 6 (4] 9 [29|0|] O |0O-0|O(fO-0|5]|4 235
9 6 |4 9 |48 |06|38| 00 |5|12] 6 |4]12 ]| 8 6 |4 9 |29|0|] O [0-0]|0|0-0|5|4 235
10 6 (4| 9 |[48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 (29|0] O |0-0O|Of0O-0|5]|4 235
11 6 |4 9 |48 |06|38]| 00 |5|12]| 6 |4]12 ]| 8 6 |4 9 |29|0|] O [0-0]|0|0-0|5|4 235
12 6 (4| 9 [48(|06|3-8| 00 [5(12] 6 (4|12 8 6 (4] 9 [29|0|] O |0O-0O|Of0O-0|5]|4 235
13 6 (4| 9 |[48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [29|0] O |0-0O|O(fO-0|5]|4 235
14 6 |4 9 |48 |06|38| 00 |6|18 | 5 |4]12 ]| 8 6 |4 9 |29|0|] 0 [0-0|]0|0-0|6 |4 235
15 6 [4|185(48(06|3-8| 00 |[6([18]| 5 [4]| 12| 8 6 (4] 9 (29|0| O |00|Of0O-0|6|4 235
20 6 |4 7 |48 |06|38| 00 |6|12| 6 |5 18| 6 6 |4 9 |29|0|] 0 [0-0|]0|0-0|6 |4 235
25 6 [5| 8 [4-10(0-7|3-8| 00 [6[12]| 6 [5] 18| 6 6 (4] 9 [29|0] O |0-0|OfO-O0|6|4 235
30 6 | 5| 7 |410|0-7| 38| 00 |6|12| 6 | 5|18 | 6 6 |4 9 |29|0|] O [0-0]|0|0-0|6|4 235
35 [|[65|(5| 6 [4-10|0-7| 3-8 0-0 (7|18 | &5 [5| 12| 8 6 |4 9 |2-10/0| O [0-0|0|0-0|6 |4 247
40 7 15| 6 |[410|0-7| 38| 00 | 7|12 6 | 5|12 ]| 8 6 (4] 9 [211)1 0| O |0-0|O(|(O-O0|6|4 .259
45 (7.5 5[6.5(4-10|0-7| 3-8 | 00 |7]|12] 6 |6]| 18| 6 6 |4 9 |3-0[{0|] O [0-0|]0|0-0]|7 |4 272
50 8 [5]165(4-10(0-7| 3-8| 00 [8|12]| 6 [6] 12| 8 6 |4 9 |31|0] O [0-0|]0|0-0|7]|4 .284

June 2000 2-32



3"'CLEAR SPAN BY 3' CLEAR HEIGHT
; a;BARD|MENS|ON a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART o creTe
ALl T | 5| B o |wl 5 |E|ul 8|8 ™ |ul5]2 uld |8 ull|ulf]cuverrs
Nl < | 2 | al| B 2 IN|I 2|2 |N|] | = Sl 2 | & |5 2| & |3 & [5]2]cuvds per
%) & 5 5 %) & > %) % > %) % w ) % w %) w %) > o p
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 6 [6| 8 [50(08|38| 00 |[6([18] 5 [4]| 12| 8 6 (4] 9 [39|0] O |0O-0O|OfO-0|5(6 272
2 6 |[4|65| 48 |06|38| 00 |5|12] 6 |4]12 ]| 8 6 |4 9 |39|0|] O [0-0|]0|0-0|5|6 272
3 6 (4| 9 [48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [39|0] O |0O-0O|OfO-0|5(6 272
4 6 |4 9 |48 |06|38| 00 |5|12] 6 |4]12 ]| 8 6 |4 9 |39|0|] O [0-0|]0|0-0|5]|6 272
5 6 (4| 9 |[48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [39|0] O |0O-0O|OfO-0|5](6 272
6 6 (4| 9 [48(|06|38| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [39|0] O |0-0O|OfO-O0|5(6 272
7 6 |4 9 |48 |06|38| 00 |5|12]| 6 |4]12 ]| 8 6 |4 9 |39|0|] O [0-0|]0|0-0|5]|6 272
8 6 (4| 9 [48(|06|38| 00 [5(12] 6 (4|12 8 6 (4] 9 [39|0] O |0O0O|OfO-0|5](6 272
9 6 |4 9 |48 |06|38| 00 |5|12] 6 |4]12 ]| 8 6 |4 9 |39|0|] O [0-0|]0|0-0|5|6 272
10 6 (4| 9 |[48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [39|/0] O |0O0O|OfO-O0|5(6 272
11 6 |4 9 |48 |06|38]| 00 |5|12]| 6 |4]12 ]| 8 6 |4 9 [|39|0|] O [0-0|]0|0-0|5|6 272
12 6 (4| 9 [48(|06|3-8| 00 [5(12] 6 (4|12 8 6 (4] 9 [39|0] O |0O-0O|OfO-0|5](6 272
13 6 (4| 9 |[48(|06|3-8| 00 [5(12] 6 [4]|12| 8 6 (4] 9 [39|0] O |0O-0O|OfO-0|5(6 272
14 6 |4 9 |48 |06|38| 00 |6|18 | 5 |4]12 ]| 8 6 |4 9 |39|0|] O [0-0|]0|0-0|6 |6 272
15 6 [4|185(48(06|3-8| 00 |[6([18]| 5 [4]| 12| 8 6 (4] 9 [39|0] O |0O0O|OfO-O0|6]|6 272
20 6 |4 7 |48 |06|38| 00 |6|12| 6 |5 18| 6 6 |4 9 |39|0|] O [0-0|]0|0-0|6 |6 272
25 6 [5| 8 [4-10(0-7|3-8| 00 [6[12]| 6 [5] 18| 6 6 (4] 9 [39|0] O |0O-0O|OfO-O0|6](6 272
30 6 | 5| 7 |410|0-7| 38| 00 |6|12| 6 | 5|18 | 6 6 |4 9 |39|0| O [0-0|]0|0-0|6 |6 272
35 [|[65|(5| 6 [4-10|0-7| 3-8 0-0 (7|18 | &5 [5| 12| 8 6 |4 9 |3-10/0| O [0-0|0|0-0|6 |6 .284
40 7 15| 6 |[410|0-7| 38| 00 | 7|12 6 | 5|12 ]| 8 6 (4] 9 [3-11]0| O |0-0|Of0O-0|6](6 .296
45 (7.5 5[6.5(4-10|0-7| 3-8 | 00 |7]|12] 6 |6]| 18| 6 6 |4 9 |[40[0|] O [0-0|]0|0-0|7|6®6 309
50 8 [5]165(4-10(0-7| 3-8| 00 [8|12]| 6 [6] 12| 8 6 |4 8 |[41|0|] O [0-0|]0|0-0|7]|6G6 321

June 2000 2-33



4'CLEAR SPAN BY 2' CLEAR HEIGHT
e z a:EBARDIMENSION a; ;AR thR - hLZDBAR . vgBAR - véBAR - Vo BAER h, BAj CO%COT(ETE
812 2| ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % n % 2 %) % w %) % w %) w n % u. FSt per
Ft. In. In. Ft.-In. | Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. | Ft.-In. Ft.-In.
1 6 |6 6 |60|08|48]| 00 |6|12| 7 |4|12 |10 6 |4 9 |29|]0| O |0-0|0|00|5]|4 275
2 6 |5(165]|510|0-7(48| 00 (5|12 7 4|12 |10 6 |4 9 |[29|0| O |0-0[O0]|0O-0(5]|4 275
3 6 |4|75|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| 0 |0-0|0|00|5]|4 275
4 6 |4 5-8 |06 48| 00 |5|12| 7 (4|12 |10 6 |4 9 |29(0] O |[0-0|]0|0-0|5]| 4 275
5 6 |4 9 | 58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| O |0-0|0|00|5]|4 275
6 6 |4 9 | 58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| O |0-0|0|00|5]|4 275
7 6 |4(185|58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |[29|0| O |0-0[{0]|0O-0(5]|4 275
8 6 |[4| 8 | 58|06| 48| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| O |0-0|0|0-0|5]|4 275
9 6 |4(185|58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |[29|0| O |0-0[{0]|0O-0(5]|4 275
10 6 |4|75|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| 0 |0-0|0|00|5]|4 275
11 6 |4 7 | 58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |[29|0| O |0-0[{0]|0O0(S5]|4 275
12 6 |[4|/]65|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| 0 |0-0|0|0-0|5]|4 275
13 6 |4| 6 | 58|06| 48| 00 |5|12| 7 |4|112 |10 6 |4 9 |29|]0| 0 |0-0|0|00|5]|4 275
14 6 |5(185|510|0-7(48| 00 (6|16 6 |4|12 |10 6 |4 9 |[29|0| O |0-0[{0]|0O-0f6]|4 275
15 6 |5| 8 |5-10|0-7| 48| 00 |6|16| 6 |4|12 |10 6 |4 9 |29|]0| O |0-0|0|0-0|6]|4 275
20 6 |5 5-1010-7|1 48| 0-0 |6(16 | 6 [5| 16| 8 6 |4 9 |29(0] 0 |0-0]0|00|6]|4 275
25 |[65|(6| 6 [6-0)|08|48| 00 |6|12] 7 |5]|16 | 8 6 |4 9 |2-10/0| O [0-0|0|0-0|6 |4 .29
30 7 |716.5] 6-4 |0-10({ 48| 00 (7|16 6 | 5|12 |10 6 |4 9 |2-11|/ 0| O |0-0[{0|0O-0(6]|4 .306
35 8 |6 6 |6-0]08(48)| 00 (7|12 7 |6 16| 8 6 |4 9 |31(0] O |0-0]0|00|6]|4 .336
40 |[85|7[6.5| 6-4 |0-101 48| 00 |8| 16| 6 |6]| 16| 8 6 |4 9 |3-2|0|] O [0-0|]0|0-0|6 |4 352
45 9 |8 7 | 66 |0-11{ 48| 00 (8|12 7 |6 12|10 6 |4 9 |3-3|0f O |0-O0[O0]|0O-0(f7]4 367
50 [[95| 8|65 66 |0-11] 48 0-0 |[8| 12| 7 |6|12 |10 6 |[4| 9 |[3-4|0| O [0-0|0|0-0|7]|4 .383

June 2000 2-34



4'CLEAR SPAN BY 3'CLEAR HEIGHT
e z a:EBARDIMENSION a; ;AR thR - hLZDBAR . vgBAR - véBAR - Vo BAER h, BAj CO%COT(ETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % n % 2 %) % W %) % w %) w n % u. FSt per
Ft. In. In. Ft.-In. | Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. | Ft.-In. Ft.-In.
1 6 |6 6 | 60]|08|48]| 00 |6|12| 7 |4|12 |10 6 |4 9 |39|0| O |0-0|0|00|5]|6 312
2 6 |5(165|510|0-7(48| 00 (5|12 7 4|12 |10 6 |4 9 |39|0| O |0O-0[{O0]|0OO0f5]|6 312
3 6 |4|75|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| 0 |0-0|0|00|5]|6 312
4 6 |4 5-8 10648 )| 00 |5|12| 7 (4|12 |10 6 |4 9 |39(0] O |[0-0|]0|0-0|5]|6 312
5 6 |4 9 | 58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| O |0-0|0|00|5]|6 312
6 6 |4 9 | 58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| O |0-0|0|00|5]|6 312
7 6 |4(185|58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |39|]0| O |0-O0[{O0]|0OO0f5]|6 312
8 6 |[4| 8 | 58|06| 48| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| O |0-0|0|00|5]|6 312
9 6 |4(185|58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |39|]0| O |0-0[{O0]|0OO0f5]|6 312
10 6 |4|75|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| O |0-0|0|00|5]|6 312
11 6 |4 7 |58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |39|0| O |0-O0[{0]|0OO0f5]|6 312
12 6 |[4|65|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| 0 |0-0|0|00|5]|6 312
13 6 |4| 6 | 58|06| 48| 00 |5|12| 7 |4|112 |10 6 |4 9 |39|]0| O |0-0|0|00|5]|6 312
14 6 |5(185|510|0-7(48| 00 (6|16 6 |4|12 |10 6 |4 9 |39|/0| O |0-0[{0]|]0OO0f6]|6 312
15 6 |5| 8 |5-10|0-7| 48| 00 |6|16| 6 |4|12 |10 6 |4 9 |39|]0| O |0-0|0|00|6]|6 312
20 6 |5 5-1010-7|1 48| 0-0 |6(16 | 6 [5| 16| 8 6 |4 9 |39(0] 0 |0-0]0|00|6]|6 312
25 |[65|(6| 6 [6-0)|08|48| 00 |6|12] 7 |5]|16 | 8 6 |4 9 |3-10/0| O [0-0|0|0-0|6 |6 327
30 7 |716.5] 6-4 |10-10({ 48| 00 (7|16 6 | 5|12 |10 6 |4 9 |3-11] 0| O |0-0[{0|0O-0f6 |6 343
35 8 |6 6 |6-0]08(48)| 00 (7|12 7 |6 16| 8 6 |4 9 |41(0] O |0-0]0]|00|6]|6 373
40 |[85|7[6.5| 6-4 |0-101 48| 00 |8| 16| 6 |6]| 16| 8 6 |4 9 |42|0| O [0-0|]0|0-0|6 |6 .389
45 9 |8 7 | 66 |0-11{ 48| 00 (8|12 7 |6|12 |10 6 |4 9 |43|0| O |0-0[0]|0OO0f7]|6 404
50 (95| 8|65 66 |0-11] 48 0-0 |8| 12| 7 |6|12 |10 6 |4[85|44|0| O [0-0|]0|0-0|7]|6®G 42

June 2000 2-35



4'CLEAR SPAN BY 4' CLEAR HEIGHT
e z a;AR —— a; ;AR thR - hLZDBAR . vgBAR - véBAR - Vo BAER h, BAj CO%COT(ETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E]|SueErs
%) % - - n % % %) % 2 %) % w %) % w %) W %) % u. FSt per

Ft. In. In. Ft.-In. | Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. | Ft.-In. Ft.-In.

1 6 |6 6 | 60|08|48]| 00 |6|12| 7 |4|112 |10 6 |4 9 |49|]0| O |0-0|0|00|5]|8 349

2 6 |5(165]|510|0-7(48| 00 (5|12 7 4|12 |10 6 |4 9 |[49|0| O |0-0[{0]0O-O0f5]|38 349

3 6 |4|75|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|0| O |0-0|0|00|5]|8 349

4 6 |4 5-8 |06 48| 00 |5|12| 7 (4|12 |10 6 |4 9 |49(0] O [0-0]0|0-0|5]|8 349

5 6 |4 9 | 58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|0| O |0-0|0|00|5]8 349

6 6 |4 9 | 58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|0| O |0-0|0|00|5]|8 349

7 6 |4(185]|58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |[49|0( O |0-0[{O0]|0O-0f5]|8 349

8 6 |[4| 8 | 58|06| 48| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|0| O |0-0|0|00|5]|8 349

9 6 |4(185|58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |[49|0( O |0-0[{0]0O-0f5]|8 349
10 6 |4|75|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|0| 0 |0-0|0|00|5]|8 349
11 6 |4 7 |58|06(48| 00 (5|12 7 4|12 |10 6 |4 9 |[49|0| O |0-0[{0]|]0O0f5]|38 349
12 6 |[4|/]65|58|06|48)| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|0| O |0-0|0|00|5]|8 349
13 6 |4| 6 | 58|06| 48| 00 |5|12| 7 |4|112 |10 6 |4 9 |49|]0| O |0O-0|0|00|5]|8 349
14 6 |5(185|510|0-7(48| 00 (6|16 6 |4|12 |10 6 |4 9 |[49|0( O |0-0[{0]|0O-O0f6]|38 349
15 6 |5| 8 |5-10|0-7| 48| 00 |6|16| 6 |4|12 |10 6 |4 9 |49|0| O |0-0|0|0-0|6]8 349
20 6 |5 5-1010-7|1 48| 0-0 |6(16 | 6 [5| 16| 8 6 |4 9 |49(0] O |0-0]0|00|6]|8 349
25 |[65|(6| 6 [6-0)|08|48| 00 |6|12] 7 |5]|16 | 8 6 |4 9 |410/0| O [0-0|0|0-0|6 |8 .364
30 7 |716.5] 6-4 |10-10({ 48| 00 (7|16 6 | 5|12 |10 6 |4| 8 |411|/ 0| O |0-0[{0]|]0O-0f6]|38 .38
35 8 |6 6 |6-0]08(48)| 00 (7|12 7 |6 16| 8 6 |5 9 |51(0] O |0-0]0|00|6]|8 41

40 |[85|7[6.5| 6-4 |0-101 48| 00 |8| 16| 6 |6]| 16| 8 6 | 5| 7 |52|0| 0 [0-0]|0|0-0|6 |8 426
45 9 |8 6-7 [0-111 49| 0-0 | 812 7 [6]12 (10|65 (5| 7 |[53|0| O [0-O0|O(fO0-0| 7|8 459
50 [958 6 | 6-8 |0-11]4-10( 0-0 |9| 16| 6 |6|12 |10} 7 |5|75|54|0| O [0-0|0|0-0| 7|8 492

June 2000 2-36



5'CLEAR SPAN BY 3'CLEAR HEIGHT
; a;BARD|MENS|ON a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART O creTe
ALl T | 5| B o |wl 5 | E|ul B |8 ™ |ul5|2 uld |8 ull|ulf]cuverrs
Nl < | 2 | al| B 2 IN|I 2|2 |N| | = Sl 2 | & |5 2| & |3 & |[5]2]cuvds per
%) & 5 5 %) & > %) % > %) % w ) & W %) W %) > o p
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 65775741010/ 58 0-0 7|15 | 7 |4|12 |12 6 |4]| 9 |3-10/0| O |[0-0|O0|0-0|5]|6 .37
2 |57 (75| 741010/ 58| 0-0 |6|15| 7 |4|12 |12 6 |4]|] 9 |3-10{0|] O |0-0|0|0-0|5]|6 37
3 6 [5|75|6-10(0-7| 58| 00 [5|12]| 8 [4]|12|12])| 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5](6 .352
4 6 |4| 6 | 68|06| 58| 00 |5|12| 8 |4|12 |12 6 |4 9 |39|/0| 0 |0-0|]0|0-0|5]|6 352
5 6 |[4| 6 |[6-8|(06|58| 00 [5|12]| 8 [4]|12|12]) 6 (4] 9 [3-9|/0| O |0-0|O0O(f(0O-0|5]|6 .352
6 6 [5| 9 [6-10(0-7| 58| 00 [5|12]| 8 |[4]|12 |12 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 .352
7 6 |5|85|6-10|0-7| 58| 00 | 5|12 | 8 |4|12 |12 6 |4 9 |39|/0| 0 |0-0|]0|0-0|5]|6 .352
8 6 |5 6-10(0-7| 58| 00 5|12 ]| 8 (4|12 (12| 6 (4] 9 [3-9|/0] O |0-0|O0Of(0O-0|5]|6 .352
9 6 |5| 8 |6-10|0-7| 58| 00 |5|12| 8 |4|12 |12 6 |4 9 |39|]0| 0 |0-0|]0|0-0|5]|6 .352
10 6 [5|75|6-10(0-7| 58| 00 [5|12]| 8 [4]|12|12])| 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 .352
11 6 |5| 7 |6-10|0-7| 58| 00 | 5|12 | 8 |4|12 |12 6 |4 9 |39|]0| 0 |0-0|]0|0-0|5]|6 352
12 6 [5|165(|6-10(0-7| 58| 00 [5|12]| 8 [4]|12 |12 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 .352
13 6 [5| 6 [6-10(0-7| 58| 00 [5|12]| 8 [4]|12|12]) 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 .352
14 6 |6|75|70]|08|58| 00 |6|15| 7 |4|12 |12 6 |4 9 |39|]0| 0 |0-0|0|0-0|6]|6 352
15 6 |6 7-010-8|58)| 00 (6|15 | 7 |4]12 12| 6 [4] 9 (3-9|0|] O |0-0|O0O(0O-O0|6]|6 .352
20 |[6.5(7 7-4 |0-10| 5-8 | 0-0 (6 (15| 7 [5| 15|10 6 [4| 9 [3-10/0| O [0-0|O0|0-0|6 |6 37
25 |75|7|65]| 74 |0-10/ 58| 00 | 7|15 | 7 (5| 15|10 6 |4 9 |40(0| O [0-0|0|0-O0|6]6 407
30 (857 6 [ 7-4]0-10/ 58 0-0 |7 | 12| 8 |5| 12|12 6 |[4]| 9 |4-2|{0|] O [0-0|]0|0-0|6 |6 444
35 [|[95|7 |65 7-4|0-10/ 5-8 0-0 |8| 15| 7 |6| 15|10 6 |4| 9 |[44|0|] O [0-0|]0|0-0|6 |6 481
40 (10| 8| 6 | 76 |0-11| 58| 0-0 | 8|12 | 8 [6| 12|12 6 |4 9 |45(0| O [0-0|0|0-0|6]6 5
45 |[10.5(9|6.5| 82 |13 58| 00 |9|156 ]| 7 |6|12 |12 6 |4] 9 |46|0| O |0-0|0|0-0]7]|6 519
50 |11.5(9|75| 82 (13|58)| 00 [9(12]| 8 (7|12 (|12 6 (4] 8 [4-8|/0] O |0-0|O0(f(O0-0|7]|6 .556

June 2000 2-37



5'CLEAR SPAN BY 4' CLEAR HEIGHT
; a;BARD|MENS|ON a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART O creTe
ALl T | 5| B o |wl 5| E|ul 8|8 ™ |ul5]2 uld |8 ull|ulf]cuverrs
Nl < | 2 | al| B 2 IN|I 2|2 |N|] | = Sl 2 | & |5 2| & |3 & [5]2]cuvds per
%) & 5 5 %) & > %) % > %) % w ) % W %) W %) > o p
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 65775741010/ 58 0-0 7|15 | 7 |4|12 |12 6 |4]| 9 |4-10/0| O |[0-0|O0|0-0| 5|8 407
2 |57 (75| 741010/ 58| 0-0 |6|15| 7 |4|12 |12 6 |4]| 9 |4-10{0|] O |0-0|0|0-0|5]|8 407
3 6 [5|75|6-10(0-7| 58| 00 [5|12]| 8 |[4]|12|12])| 6 (4] 9 [49|0] O |0-0|O(0O-0|5](8 .389
4 6 |4| 6 | 68|06| 58| 00 |5|112| 8 |4|12 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 .389
5 6 |[4| 6 |[6-8|(06|58| 00 [5|12| 8 [4]|12|12]) 6 (4] 9 [49|0| O |0-0|O0O(f(0O-0|5](8 .389
6 6 [5| 9 [6-10(0-7| 58| 00 [5|12]| 8 [4]|12|12]) 6 (4] 9 [49|0| O |0-0|O(0O-0|5]|8 .389
7 6 |5|85|6-10|0-7| 58| 00 |5|112| 8 |4|12 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 .389
8 6 |5 6-10(0-7| 58| 00 5|12 ]| 8 (4|12 (12| 6 (4] 9 [49|0] O |0-0|O0Of(0O-0|5]|8 .389
9 6 |5| 8 |6-10|0-7| 58| 00 |5|12| 8 |4|12 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 .389
10 6 [5|75|6-10(0-7| 58| 00 [5|12]| 8 [4]|12|12])| 6 (4] 9 [49|0| O |0-0|O(0O-0|5]|8 .389
11 6 |5| 7 |6-10|0-7| 58| 00 | 5|12 | 8 |4|12 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 .389
12 6 [5|65(|6-10(0-7| 58| 00 [5|12]| 8 [4]|12 |12 6 (4] 9 [49|0| O |0-0|O(f(0O-0|5]|8 .389
13 6 [5| 6 [6-10(0-7| 58| 00 [5|12]| 8 [4]|12|12])| 6 (4] 9 [49|0] O |0-0|O0O(f(0O-0|5](8 .389
14 6 |6|75|70]|08|58| 00 |6|15| 7 |4|12 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|6]38 .389
15 6 |6 7-0108| 58| 00 (6|15 | 7 |4]12 12| 6 (4] 9 (49|0|] O |0-0|O(0O-O0|6]|38 .389
20 |[6.5(7 7-4 |0-10| 5-8 | 0-0 (6 (15| 7 [5| 15|10 6 |[4| 9 |4-10/0| O |[0-0|O0O|0-O0| 6|8 407
25 (|75|7|65| 74 |0-10/ 58 00 |7 (15| 7 (5| 15|10 6 |4 9 |50(0| O [0-0|0|0-O|6 ]38 444
30 (857 6 [ 7-4]0-10/ 58 0-0 |7 | 12| 8 |5| 12|12 6 |4 |75|52|0| O [0-0|]0|0-0|6|S8 481
35 [|[95|7|65| 7-4 |0-10/ 5-8 0-0 |8| 15| 7 |6| 15|10 6 |5|85|54|0| O [0-0]0|0-0|6|S8 519
40 (10| 8| 6 | 76 |0-11| 58| 0-0 | 8|12 | 8 [6| 12|12 6 |5|(65|55(0| O [0-0|0|0-0|6]38 537
45 |[10.5( 9|65 83 |13 59| 00 |9|156| 7 |6]|12|12|65|5]| 7 |56]|0| 0 |0-0|0]|0-0]7]38 574
50 (11.5(9| 7 | 84 |1-3|5-10f 0-0 [9 |12 | 8 [7 |12 [ 12| 7 [ 5 5-81 0] 0 [0-0|0|0-0|7]8 .63

June 2000 2-38



5'CLEAR SPAN BY 5' CLEAR HEIGHT

; a;BARD|MENS|ON a, iAR thR hLDBAR VjAR - v1oBAR - vy BAIR hoBART O creTe

ALl T | 5| B o lwl 5 | E|ul 8|8 ™ |ul5]2 uld |8 ull|ull]cuverrs

N[ | 2 | Al B 2 IN|I 2|5 |N|] | = Sl 2 | & |5 2| & |3 & |[5]2]cuvds per

%) & 5 5 %) & > %) % > %) % w ) & w %) W %) > o p

Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.

1 65775741010/ 58 0-0 (7|15 | 7 |4 |12 |12 6 [4]| 9 [5-10/0| O [0-0[O[0O-0f 5 |10 444
2 |57 (75| 741010/ 58| 00 |6]|15 | 7 |4]|12 12| 6 |4] 9 |510/0| O |0-0|0]0-0|5]10 444
3 6 [5|75(|6-10(0-7| 58| 00 [5|12| 8 |[4]|12|12) 6 (4] 9 [59|0| O |0-0|O(0-0|5(10 426
4 6 |4| 6 | 68|06|58]| 00 |5|12)| 8 |4]|12 |12 6 |4] 9 |59]|0| 0 |0-0|0]0-0]|5]10 426
5 6 |[4| 6 [6-8(06|58]| 00 [5|12| 8 [4]12|12]) 6 (4] 9 [59|0| O |0-0|O0(0-0|5(10 426
6 6 [5| 9 [6-10(0-7| 58| 00 [5|12| 8 |[4]12|12) 6 (4] 9 [59|0| O |0-0|O0(0-0|5(10 426
7 6 |5(85|6-10|0-7| 58| 00 |5|12| 8 |4|12 |12 6 |4] 9 |59]|0| 0 |0-0|0]0-0]|5]10 426
8 6 [5| 8 [6-10(0-7| 58| 00 [5|12| 8 |[4]12|12]) 6 (4] 9 [59|0| O |0-0|O0(0-0|5(10 426
9 6 |5 8 |6-10|0-7| 58| 00 |5|12 | 8 |4|12 |12 6 |4] 9 |59]|0| 0 |0-0]0]0-0]|5]10 426
10 6 [5|75(|6-10(0-7| 58| 00 [5|12| 8 |[4]12|12]) 6 (4] 9 [59|0| O |0-0|O0(0-0|5(10 426
11 6 |5| 7 |6-10|0-7| 58| 00 |5|12 )| 8 |4|12 |12 6 |4] 9 |59]|0| 0 |0-0|0]0-0]|5]10 426
12 6 [5|165(|6-10(0-7| 58| 00 [5|12| 8 |[4]12|12]) 6 (4] 9 [59|0| O |0-0|O0(0-0|5(10 426
13 6 [5| 6 [6-10(0-7| 58| 00 [5|12| 8 |[4]|12|12]) 6 (4] 9 [59|0| O |0-0|O(0-0|5(10 426
14 6 |6|75]|70|08|58| 00 |6|156 | 7 |4]|12 |12 6 |4] 9 |59]|0| 0 |0-0]0]0-0]|6]10 426
15 6 |6 7-0 10858 00 (6|15 7 |4]|12 |12 6 [4] 9 [59|0|] O |0-0|O|0-0]6 (10 426
20 |[6.5(7 7-4 |0-10| 5-8 | 0-0 (6 (15| 7 [S5| 15 (10| 6 (4| 7 [(5-10{ 0| O [O0-0[O[0-0| 6 (10 444
25 (|75|7|65| 74 |0-10/ 58 | 00 |7 (15| 7 (5|15 |10 6 |5|75|6-0({0| O [0-0|/0|0-0|6 |10 481
30 (857 6 [ 7-5]|0-10{ 59 0-0 (7|12 | 8 |5 12|12 |65|5| 7 [6-2[{0| O [0-0[O0[0-0f6 (|10 539
35 (957 6 | 7-6 |0-10{5-10( 0-0 8| 12| 8 |6 |12 |12 7 [5|65|(6-4[0| O [0-0[O0[0-07 [10 597
40 (10 (9 (75| 85 |13|511| 00 | 8|12 ]| 8 |6]|12 |12 |75|5] 6 |65/]0| 0 |0-0]0]0-0]7]10 .637
45 (11 (8| 6 |(7-10|0-11 60| 00 |9|12]| 8 |7 15|10 8 |5] 6 |6-7]0| O |0-0|,0]0-0]8]10 .697
50 ||11.5(9 |65 87 |(13|6-1| 00 [9|12]| 8 7|12 |12 |85|(5]| 6 [6-8|0| O |0-0|[0(0-0]8(10 .738

June 2000 2-39




6' CLEAR SPAN BY 3'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 7 7| 7 | 84]010/ 68| 00 | 7|12 | 9 |4 |12 | 14| 6 |4 9 |3-1110| O |0-0|0|00|5]|6 435
2 7 |7 7 | 84]010/ 68| 00 |6|114| 8 |4|12 | 14| 6 |4 9 |3-1110| O |0-0|0|0-0|5]|6 435
3 6 [6|75|80(08|6-8| 00 [5|12]| 9 4|14 (|12])| 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 .392
4 6 |5|65|710|0-7| 68| 00 |5|12| 9 |4|14|12| 6 |4] 9 |39|/0| 0 |0-0|]0|0-0|5]|6 .392
5 6 [5|65|7-10(0-7|6-8| 00 [5|12]| 9 4|14 [12])| 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 392
6 6 [5| 6 |[7-10(0-7|6-8| 00 [5|12]| 9 4|14 [12]) 6 (4] 9 [3-9|/0| O |0-0|O0O(f(O-0|5]|6 392
7 6 |5| 6 |7-10|]0-7| 68| 00 |5|112| 9 |4|14 |12 6 |4] 9 |39|/0| 0 |0-0|]0|0-0|5]|6 392
8 6 [6| 8 [80(08|6-8| 00 [5|12]| 9 4|14 [12])| 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 392
9 6 |5| 6 |7-10|0-7| 68| 00 |5|12| 9 |4|14 |12 6 |4] 9 |39|]0| 0 |0-0|]0|0-0|5]|6 392
10 6 |[6|75|80(08|6-8| 00 [5|12] 9 4|14 (|12]) 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 .392
11 6 |6 7 |80]|08|68| 00 |5|12| 9 |4|12 | 14| 6 |4] 9 |39|/0| 0 |0-0|]0|0-0|5]|6 392
12 6 [6|65|80(08|6-8| 00 [5|12]| 9 4|12 |14 6 (4] 9 [3-9|/0| O |0-0|O0Of(0O-0|5]|6 392
13 |[65|6([65|80|08(68| 00 |6|14]| 8 4|12 |14 6 |4 9 |3-10/0| O [0-0|0|0-0|5]|6 414
14 |65|6| 6 | 80|08|68| 00 |6|14| 8 |4|12 | 14| 6 |4 9 |3-10/0| O |0-0|]0|0-0]|6]|6 414
15 ||65|7|75| 84010/ 68| 00 |6|14| 8 4|12 | 14| 6 |4 9 |3-10/0|] O |0-0|0|0-0|6 |6 414
20 ||[7.5|7|6.5| 84 |0-10/ 68| 00 |6|12] 9 |5|14 | 12| 6 |4] 9 |40|]0| O |0O-0|0|0-0]|6]|6 457
25 |[85(8|65|86|0111 68| 00 | 7|14 8 |5|12 | 14| 6 |4] 9 |42|0| 0 |0-0|0|00]|6]|6 5
30 (10 (7| 6 | 84 |0-10/{ 6-8 0-0 |8| 14| 8 |6| 14|12 6 |[4| 9 |45|{0|] O [0-0|]0|0-0|6 |6 .565
35 (105965 9-2|1-3|6-8( 0-0 |[8|12| 9 |6|12|14] 6 |[4| 9 |[46|0| O [0-0|]0|0-0|6]|6 .586
40 |[11.5( 96592 |13|68| 00 |9|114 | 8 |7| 14|12 6 |4] 9 |48|0| 0 |0-0|0|00]|6]|6 .63
45 |[12.5( 9|65 9-2 13|68 | 6-3 |7 |14 |12 | 7|14 |12 6 |4] 9 |410/0| O |0-0|0|0-0]7]|6 .673
50 || 13 [10({ 65| 96 |1-5|6-8( 6-3 |7 |12 |14 |7 |12 |14 ]| 6 |4 [85|4-11{ 0| O [0-0|0|0-0|7]|6®6 .694

June 2000 2-40



6' CLEAR SPAN BY 4' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2| ale| 2 |8[3|2|8]8]8 822|822 (8|2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W n W n % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 7 7| 7 | 84]010/ 68| 00 | 7|12 | 9 |4 |12 | 14| 6 |4 9 |41110| O |0-0|0|00|5]|8 AT72
2 7 |7 7 | 84]010/ 68| 00 |6|114| 8 |4|12 | 14| 6 |4 9 |41110| O |0-0|0|0-0|5]|8 472
3 6 [6|75|80(08|6-8| 00 [5|12]| 9 4|14 |12])| 6 (4] 9 [49|0| O |0-0|O0Of(0O-0|5]|8 429
4 6 |5|65|710|0-7| 68| 00 |5|12| 9 |4|14 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 429
5 6 |5|65|710|0-7| 68| 00 | 5|12 9 |4|14 |12 6 |4 9 |49|0| O |0-0|0|00|5]|8 429
6 6 |5| 6 |710|0-7| 68| 00 |5]|12| 9 |4|14 |12 6 |4 9 |49|0| O |0-0|0|00|5]8 429
7 6 |5| 6 |7-10|]0-7| 68| 00 | 5|12 9 |4|14 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 429
8 6 [6| 8 [80(08|6-8| 00 [5|12]| 9 4|14 (|12])| 6 (4] 9 [49|0| O |0-0|O0Of(0O-0|5]|8 429
9 6 |5| 6 |7-10|]0-7| 68| 00 |5]|12| 9 |4|14 |12 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 429
10 6 [6|75|80(08|6-8| 00 [5|12]| 9 4|14 |12]) 6 (4] 9 [49|0] O |0-0|O(0O-0|5]|8 429
11 6 |6 7 |80]|08|68| 00 |5]|12| 9 |4|12 | 14| 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 429
12 6 [6|65|80(08|6-8| 00 [5|12]| 9 4|12 |14 6 (4] 9 [49|0| O |0-0|O0O(f(0O-0|5]|8 429
13 |[65|6([65|80|08(68| 00 |6|14]| 8 4|12 |14 6 |4 9 |4-10/0| O [0-0|0|0-0|5]|8 451
14 |65|6| 6 | 80|08|68| 00 |6|14| 8 |4|12 | 14| 6 |4 9 |410/0] O |0-0|]0|0-0]|6]|38 451
15 ||65|7|75| 841|010/ 68| 00 |6| 14| 8 4|12 | 14| 6 |4 9 |410/0| O |0-0|0|0-0|6]|38 451
20 ||[7.5|7|6.5| 84 |0-10/ 68| 00 |6|12] 9 |5|14 |12 6 |4] 9 |50]0| O |0O-0|0|0-0]|6]38 494
25 (|85|8|65| 86 |0-11|6-8| 0-0 | 7|14 | 8 (5|12 |14 6 |4 9 |52(0| O [0-0|0|0-O0|6]38 537
30 (10 (7| 6 | 84 |0-10/{ 6-8 0-0 |8| 14| 8 |6| 14|12 6 |4]| 7 |55|0|] O [0-0|]0|0-O0|6|S8 .602
35 105/ 9|65 9-2 |1-3|6-8( 0-0 |[8|12| 9 |6|12|14 ] 6 |5|85|56|0| 0 [0-0|]0|0-0|6|S8 .623
40 |[11.5(9 (65|92 |13|68| 00 |9|14| 8 |7| 14| 12| 6 |5]65|58|0| 0 |0-0|0]|00]|6]38 .667
45 |[12.5( 9|65 93 |13|169| 6-3 | 7|14 112|712 | 14| 65|5]65|5-1000| 0 |0-0|0|0-0]7]8 729
50 || 13 [10({ 65| 9-7 |1-5|6-9( 6-3 |7 |12 |14 |7 |12 |14 ]|65|6| 6 |[5-11f{ 0| O [0-0|O0|0-0| 7|8 751
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6' CLEAR SPAN BY 5' CLEAR HEIGHT

e z a:EBARDIMENSION a; ;AR thR - hLZDBAR . vgBAR - véBAR - Vo BAER h, BAj CO%COT(ETE

812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per

Ft. In. In. Ft.-In. | Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. | Ft.-In. Ft.-In.

1 7 7| 7 | 841010/ 68| 00 | 7|12 9 |4|12 |14 6 |4] 9 |511]0| O |0-0|0]|0-0]|5]10 509
2 7 |7 7 | 84]010{6-8| 00 |[6| 14| 8 |4|12 | 14| 6 |4 9 |511| 0| O |0-0|0|0-0f5 |10 509
3 6 |6|75]|80|08|68| 00 |5|12]| 9 |4|14 |12 6 |4] 9 |59]|0| 0 |0-0|0]0-0]|5]10 466
4 6 |5(65]|7-10|0-7(6-8| 00 [5]|12| 9 |4|14 |12 6 |4 9 |59|0| O |0-0|]0|0-0f5]|10 466
5 6 |5|65|710|0-7| 68| 00 |5|12]| 9 |4|14 |12 6 |4] 9 |59|0| 0 |0-0|0]0-0]|5]10 466
6 6 |5| 6 |710|0-7| 68| 00 |5|12]| 9 |4|14 |12 6 |4] 9 |59|0| 0 |0-0|0]|0-0]|5]10 466
7 6 |5 6 |7-10|]0-7(6-8| 00 [5|12| 9 |4|14 |12 6 |4 9 |59|0| O |0-0|]0|0-0f5]|10 466
8 6 |6 8 |80|08|68]| 00 |5|12]| 9 |4|14 |12 6 |4] 9 |59|0| 0 |0-0|0]|0-0]|5]10 466
9 6 |5 6 |710|]0-7(6-8| 00 [5|12| 9 |4|14 |12 6 |4 9 |59|0| O |0-0|]0|0-0f5]10 466
10 6 |[6|75]80|08|68| 00 |5|12]| 9 |4|14 |12 6 |4] 9 |59|0| 0 |0-0|0]0-0]|5]10 466
11 6 |6 7 |80]08(6-8|] 00 [5]|12 9 |4|12 |14 6 |4 9 |59|0| 0 |0-0|]0|0-0f5]10 466
12 6 |6[/65|]80|08|68| 00 |5|12]| 9 |4|12 |14 6 |4] 9 |59|0| 0 |0-0|0]|0-0]|5]10 466
13 |65|6|65|80)|08|68| 00 |6|14]| 8 |4]|12 |14 6 |4] 9 |510/0| O |0-0|0]|0-0]|5]10 488
14 |65(6| 6 [80(|(08|6-8| 00 |6(14 | 8 (4|12 |14 6 (4| 9 |5-10/0| O [0-0|]0O(0-0]|6 |10 488
15 ||65|7|75| 841|010/ 68| 00 |6|14 | 8 |4|12 |14 6 |4] 9 |510/0| O |0-0|0]|0-0]|6]10 488
20 | 75765 84 (0-10/6-8| 0-0 |6(12] 9 (5|14 12| 6 (4| 7 |6-0[{0| O [0-0|0O0(0-0]|6 (10 531
25 |[85(8|65|86|0111 68| 00 | 7|14 ] 8 |5]|12|14) 6 |5]|75]|6-2]0| 0 |0-0|,0]0-0]|6]10 574
30 |10 (7| 6 | 85|0-10/ 69| O-0 | 8|14 | 8 [6| 14|12 ]|65|5|65|6-5[({0]|] O [0-0|0|0-0]|6]10 .66
35 ||10.5( 9|65 94 |1-3|6-10| O0-0 |8 12| 9 (6|12 |14} 7 |S5| 6 |66[{0| O [0-0|O0|0-0]| 7 (10 .703
40 |[11.5( 9| 6 [ 94 |13|6-10] 00 |9 |14 | 8 | 7| 14| 12 6 6-8{0| O [0-0[O0([0-0{7 (10 147
45 |125(9| 6 [ 95 (1-3|6-11| 6-3 |7 (14|12 |7 |12 |14 |75|(6|6.5]|6-10{0| O [0-0| O (0-0| 7|10 .813
50 (13.5(9| 6 [96 |1-3|70( 6-3 7|12 14 |8| 14|12 8 [6|[65|7-0[{0| O [0-0[O0|[0-0f8/(10 .881
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6' CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 7 7| 7 | 841010/ 68| 00 | 7|12 9 |4|12 |14 6 |4] 9 |6-11]0| O |0-0|0]|0-0]|5]|12 .546
2 7 |7 7 | 84010/ 68| 00 |6|14 | 8 |4]|12 |14 6 |4] 9 |6-11]0| O |0-0|0]|0-0]|5]|12 .546
3 6 |[6|75|80(08|6-8| 00 [5|12| 9 4|14 |12]) 6 (4] 9 [6-9|0| O |0-0|O0(0-0]5 (12 503
4 6 |5|65|710|0-7| 68| 00 |5|12]| 9 |4|14 |12 6 |4] 9 |69|]0| 0 |0-0]0]0-0]|5]12 .503
5 6 [5|165|7-10(0-7|6-8| 00 [5|12| 9 4|14 |12]) 6 (4] 9 [6-9|0| O |0-0|O0(0-0]|5 (12 503
6 6 [5| 6 [7-10(0-7|6-8| 00 [5|12| 9 4|14 |12]) 6 (4] 9 [6-9|0| O |0-0|O(0-0]|5 (12 503
7 6 |5| 6 |7-10|0-7| 68| 00 |5|12]| 9 |4]|14 |12 6 |4] 8 |69]0| 0 |0-0]0]0-0]|5]12 .503
8 6 |[6| 8 [80(08|6-8| 00 [5|12| 9 4|14 |12) 6 (4| 8 [6-9|0| O |0-0|O0(0-0]|5 (12 503
9 6 |5 6 |7-10|0-7| 68| 00 |5|12]| 9 |4]|14 |12 6 |4]|85|6-9|0| 0 |0-0]0]0-0]|5]12 .503
10 6 |[6|75|80(08|6-8| 00 [5|12| 9 |4]|14|12]) 6 (4| 8 [6-9|0| O |0-0|O0(0-0]|5 (12 503
11 6 |6 7 |80|08|68| 00 |5|12]| 9 |4|12 |14 ) 6 |4 7 |69]0| 0 |0-0]0]0-0]|5]12 .503
12 6 [6|165|80(08|6-8| 00 [5|12| 9 |4]|12 |14 6 [4]|65(6-9|0| O |0-0|0(0-0]|5(12 503
13 |[65|6(|(65|80|08(68( 00 |6|14| 8 (4|12 |14 6 |4 6 |6-10{/0| O [0-0|0|0-0|5 |12 525
14 ||65|6| 6 | 80)|08|68| 00 |6|14 | 8 |4]|12 |14 6 |5]|85|6-10/0| O |0-0|0]|0-0]|6]12 525
15 ||65|7|75| 84 |0-10/ 68| 00 |6|14 | 8 |4]|12 |14 6 |5 8 |6-10/0| O |0-0|0]|0-0]|6 |12 525
20 |[7.5|7|6.5| 84 |0-10/ 68| 00 |6|12] 9 |5]|14 |12 6 |6]|75|7-0]0] 0 |0-0]0]0-0]|6]12 .568
25 9 |7 7 | 85|010/ 69| 00 | 7|12 9 |5]|12|14)65|6|65|7-3|]0| 0 |0-0]0]0-0]|6]12 .656
30 {10 (8 7 | 89 |0-11|6-11 0-0 8| 14| 8 |6 |14 |12 ||75|(6| 8 [7-5[0| O [0-0[O0[0-07 |12 .748
35 (11 (8| 6 [8-10]|0-11| 70 0-0 9| 14| 8 |6 12|14 8 [6| 7 [7-7[{0| O [0-0[O0[O0-07 [12 .817
40 |12 [ 8| 6 [8-11]0-11| 71 6-3 | 71141127114 ]112|85|6]65|79]0]| 0 |0-0]0]0-0]38]12 .887
45 |[12.5(10( 7 [(10-0|1-5| 72| 6-3 |7 |14 |12 |7 ]|12 |14 9 |6]65|7-10/0| O |0-0|0]0-0]|8]12 .935
50 [13.5(10( 7 [(10-1|1-5|7-3 | 6-3 |[7| 12|14 |8| 14|12 |95|6| 6 [80[0| O [0-0[O0([0-0f8[12| 1.007
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7' CLEAR SPAN BY 4' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers

%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 75717 (941010 78| 73 |7|14| 7 |S5|16 |12 6 |4| 9 |50[0|] O [0-0|]0|0-0|5]|8 543
2 (75765941010 78| 00 |6]|14 | 9 |5|16 |12 6 |4]|] 9 |[50|{0|] O |[0-0|]O0|0-0|5]|S8 .543
3 |65(6| 6 [90(08|78| 00 [6|16| 8 4|12 (16| 6 (4| 9 [4-1000| O |[O0-0|O(0O-0|5]|8 494
4 6 |6|65]|90|08| 78| 00 |5|12 10|14 |14 | 14| 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]38 469
5 6 [6|65|90(08|7-8| 00 512|104 |14 |14 6 (4] 9 [49|0] O |0-0|O0Of(0O-0|5]|8 469
6 6 [6| 6 |90 (08|78 00 (512|104 |14 |14]) 6 (4] 9 [49|0| O |0-0|O0Of(0O-0|5]|8 469
7 [|65|6|65190|08|78(| 00 6|16 8 [4|12| 16| 6 |4| 9 |4-10{0| O |[0-0|0|0-0|5]|8 494
8 |65(6|65|(90(08|78| 00 [6|16| 8 4|12 (16| 6 (4| 9 [4-1000| O |[0O-0|O(0O-0|5]|8 494
9 6 |6 6 | 90|08| 78| 00 |5|12 110|414 | 14| 6 |4 9 |49|0| 0 |0-0|]0|0-0|5]8 469
10 (65|6([(65]| 900878 00 |6|16| 8 4|12 |16 6 |4 9 |4-10/0| O [0-0|0|0-0|5]|8 494
1 ||65|7|75]| 944|010/ 78| 00 |6|16 | 8 |4 12| 16| 6 |4 9 |410/0| O |0-0|]0 00|58 494
12 |65|7| 7 | 941|010/ 78| 00 |6|16| 8 |4|12 | 16| 6 |4| 9 |410/0| O |0-0|0|0-0|5]|8 494
13 7 9-4 1010/ 78| 00 |6|14]| 9 |5|16 |12 6 |4] 9 |411] 0| O |[0-0|0|0-0|5]|8 519
14 7 9-4 1010/ 7-8| 0-0 |6|14 ]| 9 |5| 16|12 6 |4] 9 |4-11]0| O |[0-0|0|0-0|6 |8 519
15 7 17/65| 941|010, 78| 00 |6|14| 9 |5|16 | 12| 6 |4 9 |41110| O |0-0|0|00|6]|38 519
20 |[85|7| 6 [ 941|010/ 78| 00 |7|14 ]| 9 |5|14 | 14| 6 |4] 9 |52|0| 0 |0-0|0|0-0]|6]38 .593
25 (108 7 |96 |011 78| 00 |7|12 |10 |6 |16 | 12| 6 |4] 9 |55|0| 0 |0-0|0|00]|6]38 .667
30 (11 (9 7 [(10-2]1-3| 78 0-0 |8 12|10 |6| 14|14 6 |4]| 7 |57|0| O [0-0|]O0|0-O0|6|S8 716
35 (129 6 [(10-2|1-3| 78 73 |[6|12|16 |7 |16 |12 6 |5| 8 |[59|0| O [0-0|]0|0-0|6|S8 .765
40 || 13 (10| 6.5|(106|1-5| 78| 73 | 7|14 |14 | 7|14 | 14| 6 | 5] 6 |5-11)10| O |0-0|0|0-0]|6]|38 .815
45 | 14 |10 10-7|11-5| 79| 73 | 7112|116 | 7|12 | 16| 65|5|65|6-1]10| 0 |0-0/0]|0-0|7]8 .884
50 || 15 [10f 6 [10-8|1-5|7-10( 7-3 |8 | 14|14 |8| 14 |14} 7 |5|65|6-3|0| O [0-0|0|0-0| 7|8 .954

June 2000 2-44



7' CLEAR SPAN BY 5' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 7571 7 |941010| 78| 73 (7|14 | 7 |5|16 |12 6 [4]| 9 [6-0[0| O [0-0[O0([0-0f5 (|10 .58
2 |[75(7|65| 941010, 78| 00 |6]|14] 9 |5]|16 12| 6 |4] 9 |60]0| O |0-0]0]0-0]5]10 .58
3 |65(6| 6 [90(08|7-8|] 00 |[6|16| 8 4|12 (16| 6 (4| 9 [510/0| O |0-0|O(0O-0|5 (10 531
4 6 |6[65]|]90|08| 78| 00 |5|12 10|14 |14 |14 ) 6 |4] 9 |59]|0| 0 |0-0]0]0-0]|5]10 .506
5 6 [6|165|90(08|7-8| 00 [5|12|10 4|14 |14 6 (4] 9 [59|0| O |0-0|O0(0-0]|5(10 .506
6 6 |[6| 6 [9-0 (08|78 00 [5|12|10 4|14 |14 6 (4] 9 [59|0| O |0-0|O0(0-0]|5(10 .506
7 [|65|6]|65|90|08|78| 00 (6|16 8 (4|12 |16 6 (4| 9 [5-10{0| O [0-0[O[0-0( 5 (10 531
8 |65(6|65|90(08|78| 00 |[6|16| 8 4|12 (16| 6 (4| 9 [510/0| O |0-0|O(0O-0|5 (10 531
9 6 |6 6 |90|08| 78| 00 |5|12 10|14 |14 |14 ) 6 |4] 9 |59]|0| 0 |0-0]0]0-0]|5]10 .506
10 [([65|6 (|65 900878 00 |6(16| 8 (4|12 |16 6 |4 9 |5-10{/0| O [0-0|0|0-0|5 |10 531
1 ||65|7|75| 94 |010/ 78| 00 |6|16 | 8 |4|12 |16 6 |4] 9 |510/0| O |0-0|0]|0-0]|5]10 531
12 |65|7| 7 | 941|010/ 78| 00 |6|16 | 8 |4|12 |16 6 |4] 9 |510/0| O |0-0|0]|0-0]|5]10 531
13 7 9-4 1010/ 78| 00 |6|14] 9 |5|16 | 12| 6 |4] 9 |511]0| 0 |0-0|0]0-0]|5]10 .556
14 7 9-4 1010/ 7-8| 00 |6|114] 9 |5]|16 |12 6 |4] 9 |511]0| 0 |0-0]0]0-0]|6]10 .556
15 7 17(65| 941|010, 78| 00 |6|14 )| 9 |5|16 |12 6 |4] 9 |511]0| O |0-0|0]|0-0]|6]|10 .556
20 |[85|7| 6 [ 941|010 78| 00 | 7|14 ] 9 |5|14 |14 6 |4] 7 |6-2]0)| 0 |0-0|0]0-0]|6]10 .63
25 (10 (8 7 (906|011 78| 00 |7|12 |10 |6 |16 | 12| 6 |5]65|6-5/0| 0 |0-0,0]0-0]|6]10 .704
30 (11 {9 7 [10-3|1-3| 79 0-0 [8|12|10|6| 14| 14|65|[5|[65|(6-7[0| O [0-0[O0[0-0f6 (10 A74
35 (129 6 [10-3|1-3| 79| 73 |[6|12 |16 |7 |16 |12 |65|(6| 6 [6-9[(0| O [0-0[O0[0-0 7 [10 .824
40 | 13 [10({6.5(10-8|1-5|7-10| 7-3 |7 |14 |14 | 7|14 |14 ) 7 |6]65|6-1110| O |0-0|0]0-0]|7]10 .897
45 | 14 |10 10915711 73 | 7|12 |16 | 7|12 | 16| 75|6|65|7-1]10| 0 |0-0]0]0-0]|7]10 .97
50 [ 15 (11 1-2|11-7|1 80| 7-3 |8|14 114|814 |14 8 |6]|65|7-3|]0| 0 |0-0]0]|0-0]|38]10) 1.044
June 2000 2-45




7' CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE

812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 7571 7 |9410-10| 78 73 (7|14 | 7 |S5|16 |12 6 (4| 9 [70[0| O [0-0[O0([0-0f5 (|12 617
2 |[75(7|65| 941010 78| 00 |6]|14] 9 |5|16 12| 6 |4] 9 |7-0]0] O |0-0]0]0-0]5]12 617
3 |65(6| 6 [90(08|78| 00 [6|16| 8 4|12 (16| 6 (4| 9 [6-1000| O |0-0|O|0O-0]|5 (|12 .568
4 6 |6[65]|]90|08| 78| 00 |5|12 10|14 |14 |14 6 |4] 9 |69]0| 0 |0-0]0]0-0]|5]12 .543
5 6 [6|65|90(08|78| 00 [5|12|10 4|14 |14 6 (4] 9 [6-9|0| O |0-0|O(0-0]|5 (12 .543
6 6 |[6| 6 [9-0 (08| 78| 00 [5|12|10 4|14 |14} 6 (4] 9 [6-9|0| O |0-0|O0(0-0]|5 (12 .543
7 (|65|6]|65|90|08|78(| 00 (6|16 8 (4|12 |16 6 [4[85(6-10{0| O [0-0[O0([0-0 5 (|12 .568
8 |65(6|65|90(08|78| 00 |[6|16| 8 4|12 (16| 6 (4 |7.5(6-1000| O |0-0|O0[0-0]|5 (|12 .568
9 6 |6 6 |90|08| 78| 00 |5|12]|110|4 |14 |14 6 |4]|85|6-9|]0| 0 |0-0]0]0-0]|5]12 .543
10 ([65|6(65| 90 |0-8(78(| 00 |6|16| 8 (4| 12|16 6 |4 6-10/ 0| O [0-0|0|0-0|5 |12 .568
1 ||65|7|75| 94 |010/ 78| 00 |6|16 | 8 |4|12 |16 6 |4 7 |6-10/0| O |0-0|0]|0-0]|5]12 .568
12 |65|7| 7 | 941|010/ 78| 00 |6|16| 8 |4|12 | 16| 6 |4]|65|6-10/0| O |0-0|0]|0-0]|5]12 .568
13 7 9-4 1010/ 78| 00 |6|14] 9 |5]|16 | 12| 6 |4]| 6 |6-11] 0| O |0-0|0]|0-0]|5]12 593
14 7 9-4 1010/ 7-8| 00 |6|14] 9 |5]|16 | 12| 6 |5]|85|6-1110| O |0-0|]0]|0-0]|6]12 .593
15 7 17(65| 941|010, 78| 00 |6|14)| 9 |5|16 |12 6 |5 8 |6-11]0| O |0-0|0]|0-0]|6 |12 593
20 |[85|7| 6 [ 941|010 78| 00 | 7|14 ] 9 |5]|14 |14 6 |6]65|7-2]0] 0 |0-0]0]0-0]|6]12 .667
25 |10 (8 (|6.5| 9-8 |0-11|7-10|] 00 | 8|14 ] 9 |6|14 |14 ) 7 |6]|75]|75]0] 0 |0-0]0]0-0]|6]12 .789
30 (11 [9|65(10-4]|1-3|7-10( 0-0 8| 12|10 |6 |12 |16 | 7 [7|[65|7-7[{0| O [0-0[O0[0-07 |12 .839
35 [|[12.5( 9 106|1-3| 80| 7-3 | 7|16 |12 | 7114 | 14| 8 |6]|65|7-1000| O |0-0|0]|0-0]|7 |12 .965
40 |[13.5( 9| 6 [10-7]1-3| 8-1 7-3 (71414 |7 12|16 |[85|6[65(80[0| O [0-0[0([0-0|8([12| 1.042
45 |[14.5(10({6.5(11-0|1-5|8-2 | 7-3 | 7|12 |16 |8 |14 | 14| 9 |6 8-2|0| O [0-0[{0([0-0f8 (12 1.12
50 || 15 (11|65 (11-5|1-7| 83| 7-3 [8| 14|14 |8| 12| 16|(95|6| 6 [83|[0| O [0-0[O0([0-0f8([12| 1.173

June 2000 2-46



7'CLEAR SPAN BY 7' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers

%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 75(4|11 (810|006 |7-10( 7-3 (6|14 | 7 |S5|16 |12 7 (4|10 (80|00 O [0-0[O0 (006 |14 .706
2 |75(4(11(8-10]|06|7-10f 00 |6]|14 ] 9 |5|16 12| 7 |4]110|80]0| O |0-0|]0]0-0|6]14 .706
3 [|65|6| 6 | 92 |0-8|7-10( 0-0 (6|16 | 8 (4|12 (|16 7 (4| 10 (7-10{0| O [0-0[O[0-0(6 |14 .655
4 6 |[6[65]|]9-2|08|710| 00 | 5|12 |10 |4 |14 |14 7 |4]110|79]0| 0 |0-00]|0-0|6]|14 .63
5 6 |[6[65]9-2|08|710| 00 | 5|12 |10 |4 |14 |14 7 |4]|85|79|]0| 0 |0-0|]0]|0-0|6]14 .63
6 6 |6 6 | 9-2|08|710] 00 |5|12 |10 |4 |14 |14 7 |4]|185|79]|]0| 0 |0-0|0]|0-0|6]14 .63
7 [|65|6]|65|9-2|08|7-10( 0-0 (6|16 (| 8 (4|12 |16 7 [4(|[7.5(7-10{0| O [0-O0[O0[0-0(6 |14 .655
8 [|[65|6|65|9-2|08|7-10( 0-0 (6|16 | 8 (4|12 (|16 7 (4| 7 [7-10{0| O [0-0[O0[0-0|6 |14 .655
9 6 |6 6 | 9-2|08|7-10] 00 | 5|12 |10 |4 |14 |14 7 |4]|75|79]0| 0 |0-00]|0-0|6]|14 .63
10 |6.5|6|6.5| 92 |08|7-10| 00 |6|16 | 8 |4 |12 |16 || 7 |4 7 |7-10/0| O |0-0|0|0-0|6 |14 .655
1 ||65|7|75]| 96 |0-10|/7-10|] 00 |6| 16| 8 |4 |12 |16 7 |4 6 |7-10/0| O |0-0|0|0-0|6 |14 .655
12 |[6.5( 7 9-6 |0-10|7-10( 0-0 |6| 16| 8 |4|12 |16 | 7 |5 9 |7-10/0| O |0-0|0]|0-0]|6 |14 .655
13 7 7 |96 )0-10|7-10|] 00 |6]|14] 9 |5|16 | 12| 7 |5 8 |7-1110| 0 |0-0|0]|0-0]|6 |14 .681
14 716596 |0-10|/7-10|] 00 |6 14| 9 |5|16 | 12| 7 |5]|75|7-11]10| 0 |0-0|0]0-0]|6 |14 .681
15 || 7.5 7 9-6 |0-10|7-10( 0-0 |6]|12 |10 | 5|16 | 12| 7 |5]| 7 |80]0]| O |0-0|]0]|0-0]|6]14 .706
20 |[8.5( 8 9-8 10-11|7-10( 0-0 | 7|14 ] 9 |5]|12 |16 | 7 |6]|65]|82]0]| 0 |0-0]0]0-0]|6]14 .756
25 |10 (865 99 |011|7-11| 00 | 8|14 ] 9 |6| 14|14 75|7]|75|85]0]| 0 |0-0]0]0-0]|7]14 .859
30 (11 [9(65([10-7]1-3| 8-1 0-0 |8]12]|10|6]12|16|85|6]65|87|0] 0 |0-0]0]0-0]|7]14 .965
35 125/ 9|65(10-8|1-3|8-2 | 7-3 |7 |14 |14 |7 |14 |14} 9 |7 |7.5(8-10{0| O [0-0[O[0-O0 8 [14] 1.071
40 |[13.5( 9| 6 (109|113 | 83| 73 | 7|14 14| 7|12 |16 |95|7] 7 |9-0]0| O |0O-0|0]0-0]|8]|14| 1.152
45 |[14.5(10({6.5(11-2|1-5|1 84| 73 | 7|12 |16 |8 |14 | 14|10 |7]165|9-2|]0| 0 |0-0|]0]0-0]|8 14| 1.235
50 [(15.5(10( 6 [(11-4|1-5| 86| 7-3 [8| 12|16 |8 |12 |16 |11 |7 | 7 [9-4[0| O [0-0[O0[0-0f9 [14] 1.348

June 2000 2-47



8'CLEAR SPAN BY 3'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 8 |7]/6.5|104|0-10/ 88| 83 | 7|12 9 |5|16 | 14| 6 |4 9 |41]0| O |0O-0|0|00|5]|6 583
2 8 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|16 | 14| 6 |4 9 |41]10| O |0-0|0|0-0|5]|6 .583
3 775104010/ 88| 00 |6|16| 9 |4|12 |18 6 |4 9 |3-1110| O |0-0|0|00|5]|6 528
4 (657 (|75([10-4]0-10/ 88| 0-0 |6]|16 | 9 |4|12 |18 6 |4]| 9 |3-10/{0| O |0-0|0|0-0|5]|6 5
5 |65(7|75|10-4(0-10/ 88| 00 (6|16 ]| 9 (4|12 (18| 6 (4| 9 [3-10/0| O |[0-0|O(O-0|5]|6 5
6 |65(7| 7 [10-4(0-10/ 88| 00 (6|16 | 9 (4|12 (18| 6 (4| 9 [3-10/0| O |[0-0|O(O-0|5]|6 5
7 7 |7| 8 |10-4]|0-10/ 88| 00 |6|16| 9 |4 |12 |18 6 |4 9 |3-1110| O |0-0|0|0-0|5]|6 .528
8 7 7| 7 |104]|0-10/ 88| 00 |6|16| 9 |4|12| 18| 6 |4 9 |3-1110| O |0-0|0|00|5]|6 528
9 (657 7 [10-4|0-10{ 8-8 | 0-0 (6|16 | 9 [4| 12|18 6 |4| 9 |3-10{0| O |[0-0|O0|0-0|5|6 5
10 7 7 (10-4)|0-10/ 88| 00 |6|16 | 9 |4|12 |18 6 |4 9 |3-1110| O |0-0|0|00|5]|6 528
11 7 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|18 | 12| 6 |4 9 |3-1110| O |0-0|0|0-0|5]|6 .528
12 (75| 7([65]|10-4|0-10/ 88 0-0 |6 13|10 |5| 16|14 6 |4 9 |40[0| O [0-0|0|0-0|5]|6 .556
13 (75| 7| 6 |10-4|0-10/ 88 | 0-0 |6| 13|10 |5| 16|14 6 |4 9 |40[0| O [0-0|0|0-0|5]|6 .556
14 8 |7|6.5|10-4|0-10/ 88| 00 |6|12 |11 |5|16 | 14| 6 |4 9 |41]10| O |0-0|]0|0-0|6]|6 .583
15 8 |7| 6 |10-4|0-10/ 88| 00 |6|12 |11 | 5|16 | 14| 6 |4 9 |41]10| O |0O-0|0|00|6 |6 583
20 |[95(8|6.5(106|0-111 88| 00 | 7|12 |11 |5]|12 | 18| 6 |4 9 |44)|0| 0 |0-0|0|0-0]|6]|6 .667
25 (11{9f(75(11-2|13|188| 00 |8|13|10|6 |13 | 16| 6 |4 9 |47|]0| O |0O-0|0|00]|6]|6 .75
30 || 12 (10( 7 [116]|1-5| 88 83 |6| 13|16 |6 | 12|18 6 |[4| 9 |[49|0| O [0-0|]0|0-0|6 |6 .806
35 [|[13.5(10 116|15| 88| 83 |7|16 |14 | 7|13 | 16| 6 |4 9 |50/0| O |0-0|0|0-0|6]|6 .889
40 |[14.5({10( 6 [(116|15| 88| 83 |7| 13|16 | 7|12 | 18| 6 |4 9 |52|0| 0 |0-0|0|00]|6]|6 .944
45 |[15.5({11| 6.5 (11-10/1-7| 88 | 83 | 7|12 |18 |8 |13 | 16| 6 |4 9 |54|0| 0 |0-0|0|0-0]7]|6 1
50 (16.5(11| 6 (11-10|1-7| 88 83 |8| 13|16 |8| 12| 18] 6 |4| 6 |[56|0| O [0-0|0|0-0|7 |6 1.056

June 2000 2-48



8'CLEAR SPAN BY 4'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE

812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In Ft.-In. | Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 8 |7]/6.5|104|0-10/ 88| 83 | 7|12 9 |5|16 | 14| 6 |4 9 |51|]0| O |0-0|0|00|5]|8 .62
2 8 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|16 | 14| 6 |4 9 |51]10| O |0-0|]0|0-0|5]8 .62
3 7175)10-4|0-10/ 88| 0-0 |6|(16 | 9 (4|12 |18 6 |4 9 |4-11[{0| O [0-0|0|0-0|5]8 .565
4 (657 (|75([10-4]0-10/ 88| 0-0 |6]|16 | 9 |4|12| 18] 6 |4]| 9 |4-10{0| O |0-0|0|0-0|5]|8 537
5 (|65|7]|75|10-4|0-10{ 88| 0-0 (6|16 | 9 4|12 |18 6 |4| 9 |4-10{0| O |[0-0|O0|0-0| 5|8 537
6 (657 7 [10-4|0-10{ 88| 0-0 (6|16 | 9 4|12 |18 6 |4| 9 |4-10{0| O |[0-0|O0|0-0|5]|8 537
7 7 |7| 8 |[10-4]|]0-10/ 88| 00 |6|16| 9 |4|12 |18 6 |4 9 |41110| O |0-0|0|0-0|5]|8 .565
8 7 7| 7 |104|0-10/ 88| 00 |6|16| 9 |4|12| 18| 6 |4 9 |41110| O |0-0|0|0-0|5]|8 .565
9 (657 7 [10-4|0-10{ 8-8 | 0-0 (6|16 | 9 [4| 12|18 6 |4| 9 |4-10{0| O |[0-0|O0|0-0| 5|8 537
10 7 7 (10-4)|0-10/ 88| 00 |6|16 | 9 |4|12 | 18| 6 |4 9 |41110| O |0-0|0|0-0|5)]8 .565
11 7 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|18 | 12| 6 |4 9 |41110| O |0-0|0|0-0|5]|8 .565
12 (|(75|7(65]|10-4|0-10/ 88 0-0 |6 13|10 |5| 16|14 6 |4 9 |50[0| O [0-0|0|0-O0|5]8 593
13 (75| 7| 6 |10-4|0-10/ 88| 0-0 |6| 13|10 |5| 16|14 6 |4 9 |50[0| O [0-0|0|0-O0|5]8 593
14 8 |7|6.5|10-4|0-10/ 88| 00 |6|12 |11 |5|16 | 14| 6 |4 9 |51]10| O |0-0|0|0-0|6]38 .62
15 8 |7| 6 |10-4|0-10/ 88| 00 |6|12 |11 | 5|16 | 14| 6 |4 9 |51]0| O |0-0|0|00|6]|38 .62
20 |[95(8|6.5(106|0-111 88| 00 |7|12 |11 |5]|12 | 18| 6 |4 9 |54|0| 0 |0-0|]0|0-0]|6]38 .704
25 (11{(9f(75(11-2|13|188)| 00 |8|13|10|6 |13 | 16| 6 |4 9 |57|]0| O |0-0|0|0-0]|6]38 787
30 || 12 (10( 7 [116]|1-5| 88 83 |6| 13|16 |6 |12 | 18| 6 |4|75|59|0| O [0-0|]0|0-0|6 |38 .843
35 [|[13.5(10( 7 (116|1-5| 88| 83 |7| 16|14 |7 |13 |16 6 |5| 8 |6-0[{0| O [0-0|]0|0-0|6 |38 926
40 |[14.5({11|( 7 (1111171 89| 83 | 7|13 |16 | 7|12 | 18|65|5]| 8 |6-2|0| 0 |0-0|0|0-0]|7]8 1.002
45 |[15.5({11| 6.5 (11-11|1-7|1 89| 83 | 7|12 |18 |8| 13 |16 ||65|6| 6 |6-4|0| O |0-0|0|0-0]7]8 1.058
50 (16.5(11| 6 (11-0|1-7|8-10( 83 |8 | 13|16 |8| 12|18 7 |5| 6 |66[0| O [0-0|O0|0-0| 7|8 1.135

June 2000 2-49



8'CLEAR SPAN BY 5' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 8 |7]/6.5|104|0-10/ 88| 83 | 7|12 9 |5|16 | 14| 6 |4] 9 |61]0| O |0-0|0]|0-0]|5]10 .657
2 8 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|16 |14 ) 6 |4] 9 |6-1]0| O |0-00]0-0]|5]10 .657
3 775104010/ 88| 00 |6|16 | 9 4|12 18| 6 |4] 9 |511]0| 0 |0-0|0]0-0]|5]10 .602
4 |[65|7(|75[10-4]|0-10/ 88| 00 |[6|16 | 9 |4]|12 18| 6 |4] 9 |510/0| O |0-0|0]0-0|5]10 574
5 (|65|7]|75|10-4|0-10| 8-8 | 0-0 (6|16 | 9 (4|12 |18 6 (4| 9 [5-10{O0| O [0-0[O[0-0( 5 |10 574
6 (657 7 |10-4|0-10|{ 8-8 | 0-0 (6|16 | 9 (4|12 |18 6 (4| 9 [5-10{0| O [O0-0[O[0-0( 5 |10 574
7 7 |7| 8 |[10-4|0-10/ 88| 00 |6|16 | 9 |4]|12 |18 6 |4] 9 |511]10| 0 |0-0|0]|0-0|5]10 .602
8 7 7| 7 |10-4|0-10/ 88| 00 |6|16 | 9 |4]|12 |18 6 |4] 9 |511]0| O |0-0|0]|0-0]|5]10 .602
9 (|65|7| 7 |10-4|0-10|{ 8-8 | 0-0 (6|16 | 9 (4|12 |18 6 (4| 9 [5-10{O0O| O [0-0[O[0-O0( 5 (10 574
10 7 7 [(10-4)0-10/ 88| 00 |6|16 ]| 9 4|12 |18 6 |4] 9 |511]0| O |0-0|0]0-0]|5]10 .602
11 7 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|18 |12 6 |4] 9 |511]10| 0 |0-0|0]|0-0|5]10 .602
12 (75| 7|65]|10-4|0-10/ 88 | 0-0 |6(13 |10 (5|16 | 14| 6 |4 9 |6-0(0| O [0-0|0|0-05]10 .63
13 (|(75|7| 6 |10-4|0-10/ 88| 0-0 |6|(13 |10 (5|16 |14 6 |4 9 |6-0(0| O [0-0|0|0-0|5]10 .63
14 8 |7|6.5|10-4|0-10/ 88| 00 |6|12 |11 |5]|16 |14 ) 6 |4] 9 |6-1]0| O |0-00]0-0|6]10 .657
15 8 |7| 6 |10-4|0-10/ 88| 00 |6|12 |11 |5|16 |14 6 |4] 9 |6-1]0| O |0-0|0]|0-0]|6]10 .657
20 |[95|(8|6.5(106)|0-111 88| 00 |7|12 |11 |5]12 |18 6 |4]65|64]0| 0 |0-0,0]0-0]6]10 741
25 (11 (97511211388 | 00 | 8|13 |10|6|13 |16 6 |5]65|6-7]0| 0 |0-0,0]0-0]|6]10 .824
30 || 12 (10 7 [11-7]1-5| 89 83 |[6| 13|16 |6 | 12| 18 |[65[5|[65(6-9[(0| O [0-0[O0[0-0(6 (10 901
35 [|13.5(10(6.5(11-8|1-5|8-10( 83 |7 |13 |16 |7 |13 |16 7 |[S5| 6 [7-0[0| O [0-0[O[0-O0f 7 [10] 1.008
40 |[14.5({11| 7 [11-0]1-7|8-10| 83 |7 |13 |16 |7 | 12| 18 7 7-2(0f O [0-O0[O(0O-0Of7 [10f 1.065
45 | 16 (11| 7 (121 1-7|8-11| 83 | 8|13 |16 |8 |13 |16 || 75| 7|75|7-5]0| 0 |0-0,0]0-0]|7]10) 1.174
50 || 17 (11|65 (12-2|1-7| 90 83 |[8| 12|18 |8 |12 | 18| 8 |7|7.5|7-7|{0| O [0-0|O0|0-0|8]|10] 1.255
June 2000 2-50




8'CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 8 |7/6.5|104|0-10/ 88| 83 | 7|12 9 |5|16 | 14| 6 |4] 9 |7-1]0| O |0-0|0]|0-0]|5]|12 .694
2 8 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|16 |14 ) 6 |4] 9 |7-1]0| O |0-0|0]0-0]|5]12 .694
3 775104010/ 88| 00 |6|16 | 9 4|12 |18 6 |4] 9 |6-11]0| O |0-0|0]0-0]|5]12 .639
4 |[65|7|75[10-4]|0-10/ 88| 00 |[6]|16 | 9 |4]|12 18| 6 |4] 9 |6-1010| O |0-0|]0]0-0|5]12 611
5 (|65|7]|75|10-4|0-10|{ 88 | 0-0 (6|16 | 9 (4|12 [ 18| 6 (4| 9 [6-10{0| O [0-0[O[0-0( 5 |12 611
6 (|65|7| 7 |10-4|0-10|{ 8-8 | 0-0 (616 | 9 (4|12 |18 6 (4| 9 [6-10{0| O [O0-0[O[0-0( 5 |12 .611
7 7 7| 8 |[10-4|0-10/ 88| 00 |6|16 | 9 |4]|12 |18 6 |4]|85|6-1110| O |0-0|0]|0-0]|5]|12 .639
8 7 7| 7 |10-4|0-10/ 88| 00 |6|16 | 9 |4]|112 |18 6 |4|75|6-11]0| O |0-0|0]|0-0]|5]|12 .639
9 (|65|7| 7 |10-4|0-10|{ 8-8 | 0-0 (6|16 9 (4|12 |18 6 (4| 9 [6-10{ 0| O [O0-0[O[0-0( 5 |12 .611
10 7 7 [(10-4)0-10/ 88| 00 |6|16 ]| 9 |4]|12 |18 6 |4]|75|6-1110| O |0-0|0]0-0]|5]12 .639
11 7 |7|6.5|10-4|0-10/ 88| 00 |6|13 |10 | 5|18 |12 6 |4 7 |6-11]0| O |0-0|0]0-0]|5]|12 .639
12 | 7.5|7|6.5|10-4|0-10/ 88| 00 |6| 13|10 | 5|16 | 14| 6 |4 6 |7-0]0| O |0-0|0]|0-0]|5]12 .667
13 | 75|7| 6 |[10-4|0-10/ 88| 00 |6| 13|10 | 5|16 |14 6 |5] 9 |7-0]0| O |0-0|0]|0-0]|5]12 .667
14 8 |7|6.5|10-4|0-10/ 88| 00 |6|12 |11 |5]|16 |14 ) 6 |5]|85|7-1]0| 0 |0-0]0]0-0]|6]12 .694
15 8 |7| 6 |10-4|0-10/ 88| 00 |6|12 |11 |5|16 |14 6 |5|75|71]0| 0 |0-0|]0]0-0]|6]12 .694
20 |[95(8(|6.5(10-7|0-111 89| 00 | 7|12 115|121 18| 65|5] 6 |7-4]0] 0 |0-0|,0]0-0]|6]12 .801
25 (11 (9 7 (11-4]1-3|8-10| 00 | 8|13 |10 |6 |13 |16 7 |6]65|7-7]0] 0 |0-0]0]0-0]|6]12 .91
30 (12.5(9|65(11-5|1-3|8-11 83 |6 | 12|18 |6 |12 |18 ||7.5|(6 | 7 [7-10{0| O [0-0[O0[0-0( 7 [12 1.02
35 [|[13.5(10(6.5(11-9]|1-5|8-11 83 |7 |13 |16 |7 |13 |16 (757 | 7 [80[0| O [0-0[O0([0-0f7 (12| 1.077
40 | 15 (10| 6.5 (11-11}1-5| 91| 83 | 7|12 18 | 8|16 | 14| 85|6| 6 |83|]0| 0 |0-0|/0]0-0]|8]12| 1.216
45 | 16 (11| 6.5(12-4|1-7|1 92| 83 |8| 13|16 8|13 |16 9 |6 6 |85]0| 0 |0-0|,0]0-0]8]12) 1.301
50 (| 17 (11| 6 [12-5]|1-7]| 9-3 | 83 [8| 12|18 8| 12|18 ||95|7|75|8-7[0| O [0-0[O0([0-0f8[12| 1.387
June 2000 2-51




8'CLEAR SPAN BY 7' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 8 |7|6.5|10-6|0-10|/8-10| 83 | 7|12 9 |5|16 | 14| 7 |4]10|81]0| O |0-0|0]|0-0|6]|14 .783
2 8 |7| 6 |10-6|0-10|8-10| 00 |6 13|10 | 5|16 |14 7 |4]10|81]0| O |0-00]|0-0|6]|14 .783
3 7(75(10-6)|0-10|/8-10| 00 |6|16 | 9 4|12 18| 7 |4 101|711 0| O |0-0|0]|0-0]|6 |14 727
4 (657 |75(10-6]|0-10|/8-10| 0-0 |6 16| 9 |4 |12 |18 7 |4]10|7-10/0| O |0-0|0|0-0]|6 |14 .699
5 (|65|7]|75|10-6|0-10{8-10( 0-0 (6|16 | 9 (4|12 [ 18| 7 [4([85(7-10{0| O [0-0[O0[0-0|6 |14 .699
6 (|65|7| 7 |10-6|0-10{8-10( 0-0 (6|16 | 9 (4|12 [ 18| 7 [4[85(7-10{0| O [0-0[O0[0-0|6 |14 .699
7 7 |7|75]|10-6|0-10|/8-10| 00 |6 |16 | 9 |4 |12 |18 7 |4 7 |7-1110| O |0-0|0|0-0|6 |14 127
8 7 |7| 7 |10-6|0-10|/8-10| 00 |6| 16| 9 |4 |12 |18 7 |4]| 7 |7-11]0| O |0-0|0|0-0|6 |14 727
9 (|65|7| 7 |10-6|0-10{8-10( 0-0 (6|16 | 9 (4|12 |18 7 [4(|[7.5(7-10{0| O [0-O0[O[0-O0|6 |14 .699
10 7 7 [(10-6)|0-10|/8-10|] 00 |6|16 | 9 |4 |12 18| 7 |4 7 |7-1110| O |0-0|0]|0-0|6 |14 727
11 7 |7|6.5|10-6|0-10|/8-10| 00 |6 |13 |10 | 5|18 |12 7 |4]|65|7-1110| 0 |0-00]|0-0|6 |14 127
12 | 7.5|7|6.5|10-6|0-10/8-10| 00 |6| 13|10 | 5|16 | 14| 7 |5] 9 |80]|0| O |0-0|]0]|0-0|6]14 .755
13 | 75|7| 6 |10-6|0-10/8-10|] 00 |6| 13|10 | 5|16 | 14| 7 |5]|185|80|0| 0 |0-0/0]|0-0|6]14 .755
14 8 |7|6.5|10-6|0-10|8-10| 00 |6 |12 |11 | 5|16 |14 | 7 |5]|75|81]0| 0 |0-00]|0-0|6]|14 .783
15 8 |7| 6 |[10-6|0-10|/8-10| 00 |6 |12 |11 | 5|16 | 14| 7 |5 8-110| O [0-0[{0[0-0|6 (|14 .783
20 [958 6 [10-8]0-11|8-10| 0-0 | 7|12 |11 |5 12|18 | 7 |6 8-4(0| O [0-0[0[0-0|6 (|14 .868
25 (11 (9 7 (115113811 00 | 8|13 |10|6 |13 |16 |75|7]65|87]0] 0 |0-0]0]0-0]|7]14 .981
30 (12.5(9|65(116]|1-3|9-0( 83 |[6|12 |18 |7| 16|14 8 |7| 6 [8-10/0| O [0-0|O0|0-0| 7 |[14] 1.095
35 [[13.5(10f 6 [12-0|1-5]|9-2( 83 (7|13 |16 |7 |13 |16 9 [7|75[9-0[0| O [0-O0[O0|[0-0f8 (14 1.21
40 | 15 (10f 6 |(121|1-5| 93| 83 |7|12 118|813 |16 |95|7] 7 |9-3]0| 0 |0-0|,0]0-0]|38]|14| 1.327
45 | 16 (11| 6.5|(126|1-7| 94| 83 |8| 13|16 8|13 | 16|10 |7]165|95]0| 0 |0-0,0]0-0|38]|14| 1.417
50 (| 17 (11| 6 [12-7|1-7]| 9-5( 83 |8 | 12|18 |8 | 12 | 18 ||[10.5( 7| 6 [9-7[O0| O [0-0[ O [0-0 9 [14| 1.507
June 2000 2-52




8'CLEAR SPAN BY 8'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 8 |7]/6.5|10-8|0-10/ 90| 83 | 7|12 9 |5|16 | 14| 8 |4]10.5/8-0]|4|10.5/2-2|0]|0-0|6 |16 .885
2 ||[85|7(|6.5(10-8|0-101 90| 00 |6]|12 |11 |5]|16 | 14| 8 |4]10|80]4]|10]2-3|0]0-0|6]16 914
3 7 |7|75]|10-8|0-10/ 90| 00 |6 13|10 | 5|18 |12 8 |4]|85|7-1114|85]|2-2|0]|0-0|6]16 .827
4 |[65|7|75[10-8]|0-101 90| 00 |6]|16 ]| 9 |4]|12 18| 8 |4]|85]|7-1014|85]|2-2|0]0-0|6]16 .798
5 (|65|7]|75|10-8|0-10{ 9-0  0-0 (6|16 | 9 (4|12 [ 18| 8 [4(|[7.5(7-10{ 4 |[75[2-2[0[0-0|6 |16 .798
6 (657 7 |10-8|0-10{ 9-0 ( 0-0 (6|16 | 9 (4|12 |18 8 (4| 7 [7-10{ 4| 7 [2-2[0[0-0| 6 |16 .798
7 7 |7|75]10-8|0-10/ 90| 00 |6|13 |10 | 5|18 |12 8 |4]|65|7-1114]|65]|2-2|0]|0-0|6]|16 .827
8 7 7| 7 |10-8|0-10/ 90| 00 |6 13|10 | 5|18 |12 8 |4]| 6 |7-11]14| 6 |2-2|0]|0-0|6 |16 .827
9 (657 7 |10-8|0-10{ 9-0 | 0-0 (6|16 | 9 (4|12 [ 18| 8 |4 [6.5(7-10{ 4 [6.5[2-2[0[0-0(6 |16 .798
10 7 |7| 7 |10-8|0-10/ 90| 00 |6 13|10 | 5|18 |12 8 |4]| 6 |7-11]14| 6 |2-2|0]|0-0|6 |16 .827
11 7 |7|6.5|10-8|0-10/ 90| 00 |6|13 |10 | 5|18 |12 8 |5|85|7-1115|85]|2-2|0]|0-0|6]|16 .827
12 | 7.5|7|6.5|10-8|0-10/ 90| 00 |6| 13|10 | 5|16 | 14| 8 |5 8 |7-11|5| 8 |2-2|0]|0-0|6 |16 .856
13 | 75|7| 6 [10-8|0-10/ 90| 00 |6| 13|10 | 5|16 | 14| 8 |5|75|7-1115|75]|2-2|0]0-0|6]16 .856
14 8 |7| 6 |10-8|0-10/ 90| 00 |6|12 |11 |5]|13 |16 8 |5| 7 |80|5| 7 |2-2|0]|0-0|6]16 .885
15 (85| 7(6.5|10-8|0-10/ 90 ( O-O0 | 7|16 | 9 (5|13 |16 8 |5(65|80(5]|65(2-3|0|0-0|6]16 914
20 [958 6 (10-10)0-111 90| 00 | 7|12 |11 |6 16| 14| 8 |6 6 |8-2|6| 6 |2-5|0]0-0]|7]16 971
25 (11965117113 91| 00 | 8|13 ]10|6]|13 | 16|85|7]165|83|6|65]2-8|0]0-0]|7]16| 1.088
30 (1259 6 [(11-9]1-3|9-3 | 83 |6 |12 |18 |7 |16 | 14|95 |7 |75|8-4|6|7.5(2-11[ 0 [0-0( 8 [16] 1.238
35 [|[13.5(10( 6 [12-2|1-5|9-4( 83 7|13 |16 |7 |13 | 16|10 |7 |65|(86|6[65[3-1[0([0-08[16] 1.329
40 || 15 (11| 7 (12-8|1-7| 96| 83 | 7|12 118 |8 |13 | 16| 11 |7]165|8-7|6|65]|3-4|0]0-0]|9]16| 1.484
45 |[16.5(10( 6 [(12-5|1-5|9-7| 83 |8| 13|16 |8 |12 |18 ||115|7] 6 |89|6| 6 |3-7,0]0-0]9]16) 1.609
50 [(17.5(116.5 (12-11]1-7]| 99 83 [9| 13|16 |9 | 13 | 16 |[12.5|7 [6.5(8-9|6 [6.5[3-9| 5 ([7-4([10[32| 1.738
June 2000 2-53




9'CLEAR SPAN BY 4'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(7| 6 [11-4]0-10{ 9-8  9-3 |7 12| 10| 5|15 |16 6 |4| 9 |[52|0| O |[0-0|]O0|0-0|5]|8 .704
2 |[85(8(|65(116]0-111 98| 0-0 |6]|12|12|5| 15|16 6 |4]| 9 |[52|0|] O |[0-0|]0|0-0|5]|8 .704
3 (|75|7]|65(11-4|0-10{ 9-8 | 0-0 (6|13 |11 |5 18| 14| 6 |4 9 |50({0| O |[0-0|O0|0-0|5]|8 .642
4 7 |7]|6.5|11-4]|0-10/ 98| 00 |6|15 10|14 |12 |20 6 |4 9 |41110| O |0-0|0|0-0|5]|8 .611
5 7 17165114010/ 98| 00 |6|15 |1 10|14 |12 |20 6 |4 9 |41110| O |0-0|0|00|5]|8 611
6 (757 7 [11-4|0-10{ 98 0-0 (6|13 |11 |5 18| 14| 6 |4| 9 |50({0| O |[0-0|O0|0-0|5]|8 .642
7 (|75|7]|65(11-4|0-10{ 9-8 ( 0-0 (6|13 |11 |5 18| 14| 6 |4| 9 |50({0| O |[0-0|0|0-0|5]|8 .642
8 (757 6 [11-4|0-10{ 9-8 | 0-0 (6|13 |11 |5 18| 14| 6 |4| 9 |50({0| O |[0-0|O0|0-0|5]|8 .642
9 8 |7|6.5|11-4|0-10/ 98| 00 |6|13 |11 | 5|15 | 16| 6 |4 9 |51]10| O |0-0|]0|0-0|5]|8 .673
10 ||7.5|7|6.5|11-4|0-10/ 98| 00 |6| 13|11 |5 18| 14| 6 |4 9 |50|0] O |0O-0|]0|0-0|5]|8 .642
11 8 |7|6.5|11-4|0-10/ 98| 00 |6|13 |11 | 5|15 | 16| 6 |4 9 |51]10| O |0-0|]0|0-0|5]|8 .673
12 8 |7| 6 |11-4]|0-10/ 98| 00 |6|13 |11 |5|15| 16| 6 |4 9 |51|0| O |0-0|0|00|5]|8 673
13 ||85|7| 6 |11-4]|0-10/ 98| 00 |6|12 |12 |5|15 | 16| 6 |4 9 |52|0|] O |0-0|]0|0-0|5]|8 .704
14 |85|8| 7 |11-6|0-11| 98| 00 |6|12 |12 |5|15 | 16| 6 |4 9 |52|0| O |0-0]0|0-0|6]38 .704
15 |85|8|6.5|116|0-11| 98| 00 |6|12 |12 |5 15| 16| 6 |4 9 |52|0|] O |0-0|]0|0-0|6]38 .704
20 |[10.5(8| 6 [116]|0-111 98| 00 |7 12|12 |6 |15 | 16| 6 |4] 9 |56|0| O |0-0|0|0-0]|6]38 .827
25 (1219651221398 93 |6|13 |18 (6|13 |18 6 |4 9 |59(0| O [0-0|0|0-O0|6]38 .92
30 [(13.5(10(6.5(12-6|1-5|9-8( 9-3 |6| 12|20 |7 | 15|16 6 |4| 7 |6-0[{0| O [0-0|]O0|0-O0|6 |38 1.012
35 || 15 (10| 6 [12-6]|1-5|9-8( 9-3 |7 |13 |18 |7 | 12|20} 6 |5|7.5|6-3|0| O [0-0|]0|0-0|6|S8 1.105
40 || 16 (11| 6.5 (1211|171 99| 93 | 7|12 20|8| 15| 16| 65|5]|75]|65|/0| 0 |0-0|0|0-0]|7]8 1.188
45 |[17.5({11| 6 [12-0|1-7]|9-10] 9-3 | 8| 13 |18 | 8| 12| 20 5|175|6-8|0| 0 |[0-0|]0|0-0]|7]|8 1.302
50 [|18.5(1155([12-0|1-7]9-10( 9-3 |8 | 12| 20 | 9| 15 | 16 7165|6-10{ 0| O [0-0|0|0-0|7]8 1.365

June 2000 2-54



9'CLEAR SPAN BY 5' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(7| 6 (11-4]0-10{ 9-8 ( 9-3 (7|12 |10 | 5|15 |16 6 [4]| 9 [6-2[0| O [0-0[O0([0-0f5 (|10 741
2 ||[85(8(|65(116]|0-111 98| 00 |6]|12]|12|5]|15 | 16| 6 |4] 9 |6-2]0| O |0-0|,0]0-0]5]10 741
3 (|75|7]|65|11-4|0-10{ 9-8 | 0-0 (6|13 [ 11 (5[ 18| 14| 6 (4| 9 [6-0[{0O| O [0-0[O0([0-0f5 (|10 .679
4 7(16.5(11-4)0-10/ 98| 00 |6|15]| 1014|1220 6 |4] 9 |511]10| 0 |0-0|0]0-0]|5]10 .648
5 7(165(11-4)0-10/ 98| 00 |6|15]| 104|121 20| 6 |4] 9 |511]10| 0 |0-0|0]0-0]|5]10 .648
6 (|(75|7| 7 |11-4|0-10{ 9-8 | 0-0 (6|13 [ 11 (5[ 18 [ 14| 6 (4| 9 [6-0[{0Of O [0-0[O0([0-05 (|10 .679
7 (|75|7]65|11-4|0-10{ 9-8 | 0-0 (6|13 [ 11 (5[ 18| 14| 6 (4| 9 [6-0[{0Of O [0-0[O([0-0( 5 (|10 .679
8 (|75|7]| 6 [11-4|0-10]{ 9-8 | 0-0 (6|13 [ 11 (5[ 18| 14| 6 (4| 9 [6-0[{0Of O [0-0[O0([0-05 (|10 .679
9 8 |7]/6.5|11-4|0-10/ 98| 00 |6|13 |11 |5|15 |16 6 |4] 9 |6-1]0| O |0-0|0]0-0]|5]10 71
10 || 7.5|7|6.5|11-4)|0-10/ 98| 00 |6 13|11 | 5|18 | 14| 6 |4] 9 |60]/0| O |0-0|0]0-0]|5]10 .679
11 8 |7|6.5|11-4|0-10/ 98| 00 |6|13 |11 |5|15 |16 6 |4] 9 |6-1]0| O |0-0|0]0-0]|5]10 71
12 8 |7| 6 |[11-4|0-10/ 98| 00 |6|13 |11 |5|15 |16 6 |4] 9 |6-1]0| O |0-0|0]0-0]|5]10 71
13 ||85|7| 6 |[11-4]|0-10/ 98| 00 |6|12 |12 |5|15| 16| 6 |4] 9 |6-2|0| O |0-0|0]0-0]|5]10 741
14 |85|8| 7 |11-6]|0-11/ 98| 00 |6|12 |12 |5|15 |16 6 |4] 9 |6-2|0| O |0-0|0]0-0]|6]10 741
15 | 85| 8|6.5|116|0-11|/ 98| 00 |6|12 |12 |5| 15| 16| 6 |4] 9 |6-2|0| O |0-0|/0]0-0]|6]10 741
20 |[10.5(8(| 6 [116)0-111 98| 00 |7|12 |12 |6 |15 |16 6 |4] 6 |66]/0| O |0-0|0]0-0]|6]10 .864
25 (1219651221398 93 |6|(13 |18 (6|13 |18 6 |5|65|6-9(0| O [0-0|/0|0-0|6 |10 .957
30 [(13.5(10(6.5(12-7|1-5| 99 9-3 |[6| 12|20 |7 | 15|16 |65|5| 6 [7-0[0| O [0-0[O0([0-0f6 [10| 1.072
35 || 15 [10f 6 [12-8]|1-5]|9-10( 9-3 |7 |13 |18 |7 |12 |20} 7 |[6|75|7-3[0| O [0-0[O0([0-0f7 [10]f 1.189
40 |[16.5(11| 7 [13-1|1-7]|9-11| 93 | 8| 15|16 |8 |13 | 18| 75|6|75|76]0| 0 |0-0|,0]0-0|7]10) 1.307
45 |[17.5({11| 6 [13-2|1-7|10-0|] 9-3 | 8|13 |18 |8 | 12|20 8 |6|75|7-8]0| 0 |0-0|0]0-0]8]|10| 1.395
50 | 19 (11| 6 [13-3|1-7|10-1( 9-3 [9| 15|16 |9 |13 |18 |85|6| 7 [7-11[{ 0| O [0-0[O0[0-0 8 10| 1.516
June 2000 2-55




9'CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(7| 6 (11-4]0-10{ 9-8 ( 9-3 (7|12 |10 | 5|15 |16 6 (4| 9 [7-2[0| O [0-0[O0([0-0f5 (|12 778
2 ||[85(8(|65(116]|0-111 98| 00 |6]|12 |12 |5|15 | 16| 6 |4 9 |7-2]0] 0 |0-0]0]0-0]5]12 778
3 (|75|7]|65|11-4|0-10{ 9-8 | 0-0 (6|13 [ 11 (5[ 18| 14| 6 (4| 9 [7-0[{0f O [0-O0[O0([0-0f5 (|12 716
4 716.5(11-4)0-10/ 98| 00 |6|15]|1 1014|1220 6 |4] 9 |6-1110| O |0-0|0]0-0]|5]12 .685
5 7(/65(11-4)0-10/ 98| 00 |6|15]| 1014|1220 6 |4] 9 |6-1110| O |0-0|0]0-0]|5]12 .685
6 (|(75|7| 7 |11-4|0-10{ 9-8 | 0-0 (6 (13 [ 11 (5[ 18 [ 14| 6 (4| 9 [7-0[{0f O [0-O0[O0([0-0f5 (|12 716
7 (|75|7]65|11-4|0-10{ 9-8 | 0-0 (6|13 [ 11 (5|18 | 14| 6 [4[85(7-0{0f O [0-0[O0([0-05 (|12 716
8 (|75|7]| 6 [11-4|0-10{ 9-8 | 0-0 (6|13 [ 11 (5[ 18| 14| 6 [4|[75(7-0[{0f O [0-0[O0([0-0f5 (|12 716
9 8 |7]/6.5|11-4|0-10/ 98| 00 |6|13 |11 |5|15 |16 6 |4 7 |7-1]0| O |0-0|0]0-0]|5]12 147
10 || 7.5|7|6.5|11-4)|0-10/ 98| 00 |6| 13|11 |5|18 | 14| 6 |4|75|70]/0| O |0-0|]0]|0-0]|5]12 716
11 8 |7|6.5|11-4|0-10/ 98| 00 |6|13 |11 |5|15 |16 6 |4 7 |7-1]0| O |0-0|0]0-0]|5]12 147
12 8 |7| 6 |11-4|0-10/ 98| 00 |6|13 |11 |5|15 |16 6 |4 6 |7-1]0| O |0-0|0]|0-0]|5]|12 147
13 |85|7| 6 |[11-4]|0-10/ 98| 00 |6|12 |12 |5|15 |16 6 |5 9 |7-2]0| 0 |0-0|]0]|0-0]|5]12 778
14 |85|8| 7 |11-6)|0-11/ 98| 00 |6|12 |12 | 5|15 |16 6 |5 8 |7-2]0| 0 |0-0]0]0-0]|6]12 778
15 | 85| 8|6.5|116|0-11|/ 98| 00 |6|12 |12 |5|15 |16 6 |5 7 |7-2]0| 0 |0-0|/0]0-0]|6]12 778
20 |[10.5(8( 6 [11-7]0-111 99| 00 | 7|12 |12 |6| 15| 16| 65|6|75|76]0]| 0 |0-0]0]0-0]|6]12 925
25 (12 (9| 6 [12-4]1-3|9-10|] 93 |6|13 |18 |6 |13 | 18| 7 |6]65]|79]0| 0 |0-0|/0]0-0]|6]12| 1.044
30 [(13.5(10(6.5(12-9]1-5]|9-11 9-3 |6 |12 |20 |7 |15 |16 ||7.5|6| 7 [80[0| O [0-0[O0([0-0f7 (12| 1.164
35 || 15 10 12-101 1-510-0| 93 | 7|13 |18 | 7|12 | 20| 8 |6|65|83|0| 0 |0-0]0]|0-0]|7 12| 1.285
40 |[16.5]11 13-3|11-7|10-1| 93 |8| 15|16 |8 13| 18|85|6| 6 |86|0| 0 |0-0]0]0-0]|38]12| 1.408
45 |(17.5(11| 5.5(13-4|1-7|10-2| 9-3 | 8|13 |18 |8 12|20 9 |7]75|88|0| 0 |0-0,0]0-0]38]12 1.5
50 | 19 (11| 6 [13-5|1-7|10-3( 9-3 [9| 13 |18 |9 |13 [ 18 |95|7 | 7 [8-11[ 0| O [0-0[O0[0-0f 8 [12| 1.626
June 2000 2-56




9'CLEAR SPAN BY 7' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(7| 6 [(11-6]0-10{9-10( 9-3 (8| 15| 8 | 5|15 |16 7 (4|10 (82|00 O [0-0[O0 (006 |14 .867
2 ||[85(8(|6.5(11-8|0-1119-10| 0-0 |6 12|12 |5| 15|16 | 7 |4]110|8-2]0| 0 |0-0,0]0-0|6]14 .867
3 (|75|7]|65|11-6|0-10{9-10( 0-0 (6|13 (11 (5|18 (14| 7 [4[10(80(0| O [0-O0[O0([0-0f6 (|14 .805
4 716.5(11-6)0-10/9-10| 00 |6 | 15|10 4|12 20| 7 |4]95|7-11]10| 0 |0-0|0]0-0|6]14 q73
5 7(16.5(11-6)0-10/9-10|] 00 |6 | 15|10 4|12 20| 7 |4]|85|7-11]10| 0 |0-0|0]|0-0]|6]14 T73
6 (|(75|7| 7 |11-6|0-10{9-10( 0-0 (6 (13 [ 11 (5[ 18| 14| 7 (4| 8 [80(O0O| O [0-O0[O0([0-0f6 (|14 .805
7 (|75|7]65|11-6|0-10{9-10( 0-0 (6|13 [ 11 |5 18 (14| 7 (4| 7 [80(Of O [O-O[O([O-Of6 (14 .805
8 (|(75|7| 6 [11-6|0-10{9-10( 00 (6|13 [ 11 (5[ 18|14 7 [4[65(80(0| O [0-O0[O0([0-0f6 (|14 .805
9 8 |7|6.5|11-6|0-10|/9-10| 00 |6 13|11 | 5|15 |16 7 |4 6 |81]0| O |0-0/0]|0-0|6]|14 .836
10 | 7.5|7| 6 |11-6]|0-10/9-10|] 00 |6 |13 |11 | 5|18 | 14| 7 |4 7 |80]|0| O |0-0|/0]|0-0|6]14 .805
11 8 |7]6.5|11-6|0-10|/9-10| 00 |6 |12 |12 | 5|15 |16 7 |4 6 |81]0| O |0-00]|0-0|6]|14 .836
12 |85|7|6.5|11-6|0-10/9-10|] 00 |6| 12|12 |5|15 |16 7 |5]|85|82|0| 0 |0-0/0]|0-0|6]14 .867
13 |85|7| 6 |11-6]|0-10/9-10] 00 |6| 12|12 | 5|15 |16 | 7 |5 8 |82|0| O |0-0|/0]|0-0|6]14 .867
14 | 85|8|6.5|11-8|0-11/9-10| 00 | 7| 15|10 | 5|13 |18 7 |5 7 |82|0| O |0-0/0]|0-0|6]14 .867
15 9 8| 7 |11-8|0-11|9-10|] 00 | 7| 15|10 | 5|13 |18 7 |5 7 |83|0| 0 |0-0|/0]|0-0|6]|14 .899
20 |[10.5( 8| 6 [11-8|0-11]19-10| 00 | 8| 15|10 |6 |15 |16 | 7 |7]75|86]0]| 0 |0-0,0]0-0|6]14 .993
25 |12 (9| 6 (125113911 93 |6| 13|18 |6 |12 | 20|75|7] 6 |89]|0| 0 |0-0|0]|0-0]|7|14) 1.115
30 [(13.5(10( 6 (12-11]1-5|10-1 9-3 |7 | 15|16 |7 | 15| 16 |85|6| 6 [9-0[O0| O [0-0[O[0-0 7 [14| 1.267
35 (| 15 (11| 7 [13-4|1-7]|10-2( 9-3 |7 |13 |18 |7 |12 |20} 9 (7| 7 [9-3[0| O [0-0[O0[0-0 8 [14] 1.394
40 |[16.5({11(6.5(13-5|1-7|10-3| 93 | 8|13 |18 |8 13| 18|95|7]|65|96]0| 0 |0-0,0]0-0]38]|14) 1.521
45 |[17.5(11[ 55136 1-7|10-4| 9-3 | 8|13 |18 |8 |12 | 20|10 |7] 6 |9-8]0| O |0-0|,0]0-0|8]|14| 1.617
50 | 19 (1155 (13-7|1-7|10-5( 9-3 [9| 13 |18 |9 | 13 | 18 |[10.5( 7| 6 [9-11[ 0| O [0-0[ O [0-0( 9 [14| 1.748
June 2000 2-57




9'CLEAR SPAN BY 8'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE

812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(7| 6 (11-8]|0-10{10-0( 9-3 8| 15| 8 | 5| 15| 16| 8 [4| 10 (804 |10 [2-3[0([0-0|6 |16 .969
2 91|7| 6 |11-8|0-10|/10-0|] 00 | 7| 15|10 | 5|13 | 18| 8 |4]|10|81]14|10]|2-4|0]0-0|6]|16) 1.001
3 (|75|7]|65|11-8|0-10{10-0f 0-0 (6|13 [ 11 [5|[ 18 [ 14| 8 [4[85(7-11[4[85[2-2[0[0-0(6 (16 905
4 7(6.5(11-8|0-10/10-0|] 00 |6 15|10 | 5|18 | 14| 8 |4]|85|7-1114|185]2-2|0]0-0]|6]16 .873
5 7(6.5(11-8|0-10/10-0| 00 |6 | 15|10 | 5|18 | 14| 8 |4 ]| 7 |7-11]14 | 7 |2-2|0]0-0|6 |16 .873
6 (757 7 |11-8|0-10{10-0f 0-0 (6 (13 [ 11 [S5|[18 (14| 8 (4| 7 [(7-11{ 4| 7 [2-2[0[0-0|6 |16 905
7 (|75|7]65|11-8|0-10{10-0( 0-0 (6|13 [ 11 (5|18 | 14| 8 (4| 6 [7-11[{4| 6 [2-2[0[0-0|6 |16 .905
8 (757 6 [11-8|0-10{10-0f 0-0 (6|13 [ 11 [5[18 [ 14| 8 [S5| 9 [7-11[{ 5| 9 [2-2[0[0-0|6 |16 .905
9 8 |7| 6 |11-8|0-10|/10-0|] 00 |6 13|11 |5 15|16 8 |5]|85|80]|5|85]|2-2|0]|0-0]|6]16 937
10 | 7.5|7| 6 |[11-8|0-10/10-0] 00 |6 |13 |11 | 5|18 | 14| 8 |4 6 |7-1114| 6 |2-2|0]|0-0|6 |16 905
11 8 |7| 6 |11-8|0-10/10-0|] 00 |6|12 |12 | 5|15 |16 8 |5]|85|80]|5|85]|2-2|0]|0-0]|6]16 .937
12 |85|7| 6 |11-8|0-10/10-0|] 00 |6 12|12 |5| 15| 16| 8 |5 8-05 2-3(0)0-0|6 |16 .969
13 |85|8| 7 |11-10(0-11|10-0|] OO0 | 7| 15|10 | 5|13 | 18| 8 |5 7 |80|5| 7 |2-3|/0]|0-0|6]16 .969
14 | 85| 8|6.5|11-10(0-11|10-0|] 00 | 7| 1510|513 | 18| 8 |5]165|80]|5|65|2-3|0]|0-0|6]16 .969
15 9 | 8|6.5|11-10/0-11|10-0|] 00 | 7| 1510|513 | 18| 8 |5]| 6 |81]|5| 6 |24|0]0-0|6]16) 1.001
20 |[10.5( 9 12-6|1-3|10-0| 00 |8| 15|10 |6 |15 |16 8 |7|75|83|6|75]|2-7|0]0-0]|7]16) 1.097
25 |[ 12 |10 12-111 1-5|10-1| 93 | 6|13 |18 |6 |12 | 20|85|7| 6 |84]|6 2-101 0] 0-0| 7 |16 1.224
30 [(13.5(10 13-111-5|110-3| 93 | 7|15 |16 | 7|13 | 18 95| 7 8-6 |6 3-1{0[0-0(8([16| 1.384
35 || 15 (11|65 (13-6|1-7]|10-4 9-3 |7 |12 |20 |7 | 12|20 10 |7 | 6 |8-7|6 3-4(0([0-0(8 (16| 1.514
40 |[16.5(11|6.5|(13-8|1-7|106| 93 | 8|13 |18 |8 13 | 18|11 |7]165|89]|6|65]|3-7,0]0-0]|9]16 1.68
45 |[17.5(11 5.5(13-9|1-7|10-7| 9-3 | 8| 12| 20 |8 ]| 12| 20 ||11.5] 7 8-9|6 3-9(0[0-0|9 [16] 1.781
50 | 19 (11| 5.5 (13-10{ 1-7 |10-8 9-3 | 9|13 |18 | 9| 13 | 18| 12 | 8 8-11| 7 4-01 5174|9132 1917

June 2000 2-58



9'CLEAR SPAN BY 9'CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(7| 6 (11-10|]0-10{10-2( 9-3 [ 8| 13| 9 | 5| 15| 16| 9 [4[85(9-0[4|85[2-3[0[0-0f6[18]] 1.083
2 9 |8|75]|12-0|0-11|10-2] 00 | 7| 15|10 | 5|13 | 18| 9 |4|75|91]14|75]|24|0]0-0]|6]18| 1.116
3 (|75|7]6.5|11-10{0-10{10-2( 0-0 (6|13 [ 11 [5|[18 |14 9 [4|[75|80(4(|[75[2-2[{0([0-0|6([18]f 1.019
4 716.5(11-10)0-10|10-2| 0-0 |6 | 15|10 | 5|18 | 14| 9 |4 7 |811|14 | 7 |2-2|0]0-0]|6]18 .986
5 716.5(11-10/0-10/10-2| 00 |6 | 15|10 | 5|18 | 14| 9 |4 7 |811|14 | 7 |2-2|0]0-0]|6]18 .986
6 (757 7 [11-10{0-10{10-2( 00 (6|13 [ 11 [5|[ 18|14 9 [4| 6 [80(4| 6 [2-2[0([0-0|6 ([18]f 1.019
7 (|75|7]6.5|11-10{0-10{10-2( 0-0 (6| 13 [ 11 [S5[ 18 [ 14| 9 [S5| 9 [80S5| 9 [2-2[0([0-0|6 [18]f 1.019
8 (757 6 [11-10{0-10{10-2( 00 (6|13 [ 11 [5[18 [ 14| 9 [S5| 8 [80(5| 8 [2-2[0([0-0|6 ([18]f 1.019
9 8 |7| 6 |11-10/0-10|10-2] 00 |6 |12 |12 |5 16|16 9 |5|75|90]|5|75]|2-2|0]0-0|6]18| 1.051
10 | 7.5|7| 6 |11-10]0-10|/10-2] 00 |6 13|11 |5 18| 14| 9 |5]|85|80]|5|85|2-2|0]0-0]|6]/]18) 1.019
11 8 |7| 6 |11-10/0-10|10-2| 00 |6 |12 |12 |5 16|16 9 |5|75|90]|5|75]|2-2|0]0-0]|7]18| 1.051
12 |85|7| 6 |11-10/]0-10|10-2] 00 |6 12|12 5|13 |18 9 |5 7 |90|5| 7 |2-3|0]0-0|7 (18| 1.083
13 |85|8| 7 |12-0|0-11|10-2] 00 | 7|15 10| 5|13 | 18| 9 |5]65|90]|5|65|2-3|0]0-0]|7]18) 1.083
14 | 85|8|6.5|12-0|0-11|10-2| 00 | 7| 1510|513 |18 9 |5 6 |9-0|5| 6 |2-3|0]0-0|7]18) 1.083
15 9 |8|6.5|12-0|0-11|10-2| 00 | 7|13 |11 |5]|13 |18 9 |6 8 |91]|6| 8 |2-4|0]0-0]|7|18| 1.116
20 |[10.5(9 | 7 [(12-8|1-3|10-2|] 00 | 8|15 |10 |6 |15 |16 9 |7]|75]|9-3|6|75]|2-7|,0]0-0]|7]18| 1.213
25 |[12.5( 965|129 1-3|10-3| 93 |6|13 |18 |6|12|20)|95|7] 6 |94]|6]| 6 |2-1110]0-0| 7 |18 1.377
30 || 14 [10(6.5(13-3|1-5|10-5( 9-3 |7 | 15|16 |7 | 13 | 18 |[10.5(8 | 7 [9-6|7 | 7 [3-2[0[0-0( 8 [18| 1.546
35 || 15 (111 6.5 (13-9|1-7|10-7 9-3 |7 |12 |20 |7 | 12| 20 ||11.5| 7| 6 [9-7|6| 6 [3-4[0[0-0(9 [18] 1.683
40 |[16.5({11| 6 (13-10/ 1-7|10-8| 9-3 | 8|13 |18 |8 |13 | 18|12 8| 7 |99|7| 7 |3-7|5]|84]|9]36) 1.821
45 | 18 (11| 6 [13-0|1-7|10-10] 9-3 |8 | 1220|913 | 18|13 |8 7 |9-101 7| 7 |3-10/ 5|8-4| 9|36 1.997
50 [ 19 (11 14-111-7 1011 9-3 | 9|13 118 |19 12| 20 |13.5/8|6.5]|9-11|716.5]|4-0|5|8-4|10|36| 2.104
June 2000 2-59




10' CLEAR SPAN BY 4' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(8| 7 (12-6|0-11]10-8( 10-3 [ 8| 13 | 10| 5| 15| 18| 6 |4| 9 |52|0| O |[0-0|0|0-0|5]|8 .759
2 9 |8| 6 |12-6|0-11|10-8| 00 |6]|12 |13 |5| 15| 18| 6 |4 9 |53|0| 0 |0-0|]0|0-0|5]|8 .793
3 8 |8|75|12-6|0-11|10-8| 00 |6 13|12 |5 |17 | 16| 6 |4 9 |51]10| O |0-0|0|00|5]|8 725
4 (757 6 [12-4]0-10/10-8| 0-0 |6 | 15|11 |5|17 | 16| 6 |4]| 9 |[50|{0| O |[0-0|]O0|0-0|5]|8 .691
5 8 |7]6.5|12-4|0-10/10-8| 00 |6 13|12 | 5|17 | 16| 6 |4 9 |51|0| O |0-0|0|00|5]|8 725
6 8 |7 12-410-10/10-8| 00 |6 |13 |12 | 5|17 | 16| 6 |4 9 |51|0|] O |0-0|]0|00|5]|8 725
7 8 |7| 6 |12-4|0-10/10-8| 00 |6 13|12 |5|17 | 16| 6 |4 9 |51]10| O |0-0|]0|0-0|5]|8 125
8 |85]|7 12-4 |{0-10{10-8| 00 |6 (12|13 (5| 15|18 6 |4 9 |52(0| O [0-0|0|0-0|5]|8 .759
9 (85|8|75|12-6|0-11{10-8( 0-0 (6| 12|13 |5| 15| 18| 6 |4| 9 |52|0| O |[0-0|O0|0-0|5]|8 .759
10 |[ 8.5 8 12-6 |0-11/10-8| 00 |6(12 |13 (5| 15|18 6 |4 9 |52(0| O [0-0|0|0-0|5]8 .759
11 |85|8| 7 |12-6|0-11|10-8] 00 |6| 12|13 5|15 | 18| 6 |4 9 |52|0] O |0-0]0|0-0|5]|8 .759
12 |85|8|6.5|12-6|0-11|10-8] 00 |6| 12|13 |5|15 | 18| 6 |4 9 |52|0|] O |0-0|]0|0-0|5]|8 .759
13 9 [8]|6.5|12-6(0-11|10-8|] 00 (7|15 |11 |5 13 [20) 6 (4] 9 [53|0| O |0-0|O(0O-0|5](38 .793
14 9 |8| 6 |12-6|0-11|10-8] 00 | 7|15 |11 |5 13|20 6 |4 9 |53|0| 0 |0-0|]0|0-0|6]38 .793
15 ||9.5|8| 6 |12-6|0-11|10-8] 00 | 7|15 |11 |51 13 |1 20| 6 |4 9 |54|0|] O |0-0|]0|00|6]38 .827
20 [ 11 {9 13-211-3|110-8| 00 |8 15|11 |6 | 15| 18| 6 |4 9 |57|10| O |0-0/0|0-0|6]38 929
25 || 13 (10 6.5(136|1-5|10-8| 10-3 |6 |13 |20 |6 |12 | 22| 6 |4] 9 |51110| O |0-0|0|0-0]|6]38 1.065
30 ((14.5(11 7 ([13-10| 1-7|10-8( 10-3 | 7| 15|18 |7 |13 |20} 6 |4| 7 |6-2|{0| O [0-0|O0|0-0|6 |8 1.167
35 [[16.5(11| 7 [13-10] 1-7|10-8( 10-3 |7 |12 |22 |7 |12 | 22| 6 |[6|65|66[0| O [0-0|]0|0-0|6 |8 1.302
40 |[17.5({11| 5.5 |{13-11| 1-7|10-9| 10-3 |8 | 15|18 | 8|13 | 20|65|5]| 7 |68|0| 0 |0-0|0|0-0]|7]8 1.392
45 |[ 19 (11| 5.5(13-0| 1-7 |10-10] 10-3 |8 |12 | 22 |8 |12 | 22| 7 |5 7 |6-111 0| O |0-0| 000|738 1.517
50 (20.5(11| &5 [14-1]1-7 |10-11{ 10-3 | 9| 13 |20 |9 |13 |20} 7.5|5|65|7-2|{0| O [0-0|]0|0-0|8]|8 1.644

June 2000 2-60



10' CLEAR SPAN BY 5' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(8| 7 (12-6|0-11|10-8( 10-3 [ 8| 13 |10 | 5[ 15| 18| 6 [4| 9 [6-2[0| O [0-0[O0([0-0f5 |10 .796
2 9 |8| 6 |12-6|0-11|10-8| 00 |6|12 |13 |5 15|18 6 |4] 9 |6-3|]0| O |0-0|0]0-0]|5]10 .83
3 8 |8|75|12-6|0-11|10-8| 00 |6| 13|12 |5|17 |16 6 |4] 9 |6-1]0| O |0-0|0]0-0]|5]10 762
4 (757 6 [12-4]0-10|/10-8| 0-0 |6 |15 |11 |5|17 | 16| 6 |4] 9 |60]0| O |0-0|0]0-0|5]10 728
5 8 |7]6.5|12-4|0-10/10-8| 00 |6| 13|12 |5|17 |16 6 |4] 9 |6-1]0| O |0-0|0]|0-0]|5]10 762
6 8 |7| 6 |12-4|0-10|/10-8| 00 |6| 13|12 |5|17 |16 6 |4] 9 |6-1]0| O |0-0|0]0-0]|5]10 762
7 8 |7| 6 |12-4|0-10|/10-8| 00 |6 |13 |12 |5|17 |16 6 |4] 9 |6-1]0| O |0-0|0]0-0|5]10 762
8 (85|7| 6 |12-4|0-10{10-8( 0-0 (6|12 [ 13 (5[ 15[ 18| 6 (4| 9 [6-2[{0| O [0-0[O0([0-0f5 (|10 .796
9 (85|8|75|12-6|0-11|10-8( 0-0 (6|12 [ 13 (5[ 15[ 18| 6 (4| 9 [6-2[{0| O [0-0[O0([0-0( 5 (10 .796
10 | 85|8| 7 |12-6|0-11|10-8] 00 |6 12|13 |5 15| 18| 6 |4] 9 |6-2|0| O |0-0|0]|0-0]|5]10 .796
11 |85|8| 7 |12-6|0-11|10-8] 00 |6 12|13 |5 15| 18| 6 |4] 9 |6-2|0| O |0-0|0]0-0]|5]10 .796
12 | 85| 8|6.5|12-6|0-11/10-8] 00 |6 12|13 5|15 | 18| 6 |4] 9 |6-2|0| O |0-0|/0]0-0]|5]10 .796
13 9 [8]|6.5|12-6(0-1110-8] 00 (7|15 |11 |5]13|[20) 6 (4] 9 [6-3|0| O |0-0|O0(0-0|5(10 .83
14 9 |8| 6 |12-6|0-11|10-8] 00 | 7|15 |11 5|13 |20 6 |4] 9 |6-3|]0| O |0-00]0-0]|6]10 .83
15 |95|8| 6 |12-6|0-11|10-8] 00 | 7| 15|11 |5 13|20 6 |4] 9 |64|0| O |0-0|0]|0-0]|6]10 .864
20119 6 (13-2|1-3|10-8|] 00 |8| 15|11 |6 15| 18| 6 |4]65|6-7]0| 0 |0-0,0]0-0]|6]10 .966
25 |[ 13 (10 6.5(136|1-5|10-8| 10-3 |6 |13 |20 |6 |12 | 22| 6 |5]|65|6-11]0| 0 |0-0|,0]0-0]|6]10) 1.102
30 ((14.5(11( 7 (13-11]1-7|10-9( 10-3 | 7| 15|18 |7 | 13 | 20|6.5|5| 6 [7-2[{0| O [0-0[O0[0-06 [10| 1.227
35 [[16.5(11 7 [13-0| 1-7 |10-10{ 10-3 | 7| 12 |22 |8 | 15|18 | 7 |6 7 [76[0| O [0-O0[O[0O-O0f 7 [10] 1.388
40 |[17.5({11| 5.5|14-1|1-7 |10-11] 10-3 |8 | 13 |20 |8 |13 | 20756 | 7 |7-8]0| O |0-0|,0]0-0|7]10) 1.481
45 | 19 |11 14-211-7111-0| 10-3 |8 |12 122 18|12 |22 8 |6| 7 |7-1110| O |0-0|0]|0-0|8|10) 1.611
50 ([|20.5(11 14-311-7|11-1]10-3 1911312019113 20/85|6|65|82|0| 0 |0-0]0]|0-0]|38]10) 1.742
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10' CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers

%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(8| 7 (12-6|0-11|10-8( 10-3 [ 8| 13 |10 | 5| 15| 18| 6 [4| 9 [7-2|[0| O [0-0[O0([0-0f5 (|12 .833
2 9 |8| 6 |12-6|0-11|10-8| 00 |6|12 |13 |5 15|18 6 |4 9 |7-3]0| O |0-0|0]0-0]|5]12 .867
3 8 |8|75|12-6|0-11|10-8| 00 |6| 13|12 |5|17 |16 6 |4] 9 |7-1]0| O |0-0|0]|0-0]|5]|12 .799
4 (757 6 [12-4]0-10|/10-8| 0-0 |6 |15 |11 |5|17 | 16| 6 |4] 9 |7-0]0] O |0-0|]0]0-0]|5]12 .765
5 8 |7]6.5|12-4|0-10/10-8| 00 |6 |13 |12 |5|17 |16 6 |4] 9 |7-1]0| O |0-0|0]|0-0]|5]12 .799
6 8 |7 12-410-10|/10-8| 00 |6 |13 |12 |5|17 |16 6 |4 9 |7-1]10| O |0-0|0]|0-0]|5]12 .799
7 8 |7| 6 |12-4|0-10|/10-8| 00 |6 |13 |12 |5|17 |16 6 |4 8 |7-1]0| O |0-0|0]0-0]|5]|12 .799
8 |85]|7 12-410-10|/10-8| 00 |6 |12 |13 | 5|15 | 18| 6 |4 7 |7-2]0| 0 |0-0|0]|0-0]|5]12 .833
9 (85|8|75|12-6|0-11|10-8( 0-0 (6|12 [ 13 (5[ 15| 18| 6 [4[65(7-2{0| O [0-0[O0([0-0(5 (|12 .833
10 |[ 8.5 8 12-6 |0-11|10-8| 00 |6| 12|13 5|15 | 18| 6 |4 6 |7-2]0| 0 |0-0|0]|0-0]|5]12 .833
11 |85|8| 7 |12-6|0-11|10-8] 00 |6 12|13 | 5|15 | 18| 6 |4 7 |7-2]0| 0 |0-0]0]0-0]|5]12 .833
12 |85|8|6.5|12-6|0-11/10-8] 00 | 6|12 |13 | 5| 15| 18| 6 | 4 7210 0 |0-0|0([0-0]5(12 .833
13 9 |8|6.5|12-6|0-11|10-8| 00 | 7| 15|11 |5 13|20 6 |5]|85|7-3|]0| 0 |0-0]0]0-0]|5]12 .867
14 9 |8 6 |12-6|0-11|10-8] 00 | 7|15 |11 |5 13|20 6 |5|75|7-3]0| 0 |0-0]0]0-0]|6]12 .867
15 |95|8| 6 |12-6|0-11|10-8] 00 | 7| 15|11 |5 13|20 6 |5|65|74]0| 0 |0-0/0]0-0]|6]12 901
20 [ 11 {9 13-311-3|10-9| 00 |8| 15|11 |6 |15 |18 |65|6|75|7-710| 0 |0-00]0-0]|6 /(12| 1.028
25 |[ 13 (10({6.5(13-8|1-5|10-10 10-3 |6 |13 |20 |6 |12 |22 7 |6]|] 6 |7-11]0| O |0-0|0]|0-0]|6 |12 1.19
30 || 15 [10f 6 [13-9]1-5|10-11{ 10-3 | 7| 15|18 |7 | 13 | 20| 7.5|6|[6.5(8-3[0| O [0-0[O0[0-0f7 [12] 1.354
35 [|[16.5(11(6.5(14-2|1-7|11-0( 10-3 | 7| 12| 22 |8]| 15| 18| 8 | 6 86|0| O [0-0[0(|0-0f7 [12]] 1.486
40 |[17.5(11| 55 (14-3|1-7|11-1| 10-3 |8 |13 208|131 20)|85|7] 8 |88]0| 0 |0-0|/0]0-0]|8]12] 1.583
45 | 19 (11| 5 [14-4|1-7|11-2| 10-3 |8 |12 122|915 | 18| 9 |7]75|8-1110| O |0-0|,0]0-0]|8]|12| 1.718
50 || 21 (1155 (14-5|1-7|11-3[ 10-3 [ 9| 13 |20 |9 |12 |22 ||95|7|65[9-3[0| O [0-0[O0([0-0f8([12| 1.889
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10' CLEAR SPAN BY 7' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(8| 7 (12-8|0-11|10-10f 10-3 [ 8 | 13 | 10 | 5| 15| 18| 7 [4| 10 |(8-2|0| O [0-0[O0[0-0|6 |14 .923
2 9 |8| 6 |12-8|0-11|10-10] 0-0 |6 |12 |13 | 5|15 | 18| 7 |4]10|83|0| 0 |0-00]|0-0|6]|14 957
3 (|85|7]|6.5|12-6|0-10{10-10f 0-0 (6|12 [ 13 (5[ 15[ 18| 7 (4|10 |(8-2[0| O [0-0[O0([0-0|6 (|14 923
4 8 |7]6.5]|12-6|0-10|10-10] 0-0 |6 |13 |12 |5 |17 |16 7 |4]195|81]0| 0 |0-00]|0-0|6]|14 .888
5 8 |7]6.5|12-6|0-10|10-10f 00 |6 |13 |12 |5 |17 |16 | 7 |4]|185|81]0| 0 |0-0/0]|0-0|6]|14 .888
6 8 | 7| 6 |12-6|0-10[10-10] 0-0 |6 |13 |12 |5 |17 |16 || 7 | 4 8-110| O [0-0[{0|0-0|6 (|14 .888
7 8 |8|75]|12-8|0-11|10-10f 0-0 |6 |13 |12 |5 |17 |16 | 7 |4 7 |81]0| O |0-00]|0-0|6]|14 .888
8 (857 6 |12-6|0-10{10-10f 0-0 (6|12 [ 13 (5[ 15[ 18| 7 [4[65(8-2[0| O [0-0[O0([0-0f6 (|14 923
9 (858 7 |12-8|0-11|10-10f 0-0 (6|12 [ 13 (5| 15|18 | 7 (4| 6 [8-2[0| O [0-O0[O0([0-0|6 (|14 923
10 || 85| 8|6.5|12-8|0-11|10-10f 00 |6 12|13 | 5|15 | 18| 7 |5]185|82|0| 0 |0-0/0]|0-0|6]14 .923
11 |85|8| 7 |12-8|0-11|10-10f 0-0 |6 |12 |13 | 5|15 | 18| 7 |4 6 |82]|0| O |0-0/0]|0-0|6]14 923
12 | 85| 8|6.5|12-8|0-11|10-10f 00 |6 |12 |13 | 5|15 | 18| 7 |5] 9 |82]|0| 0 |0-0|/0]|0-0|6]14 .923
13 9 |8|6.5|12-8|0-11|10-10f 0-0 | 7| 15|11 |5 13|20 7 |5 8 |83|0| O |0-0|/0]|0-0]|6]|14 .957
14 9 |8| 6 |12-8|0-11|10-10f 0-0 | 7|15 |11 | 5|13 |20 7 |5 7 |83|0| O |0-00]|0-0|6]|14 957
15 ||9.5| 8| 6 |12-8|0-11|10-10f 00 | 7|13 |12 |5 13|20 7 |5]165|84]|0| 0 |0-0/0]|0-0|6]14 .992
20 (11{9| 6 (13-4 1-3|10-10f 00 | 8|15 |11 |6 |15 |18 7 |7 7 |87]0| O |0-0|0]0-0]6|14| 1.095
25 |[13.5(9| 6 (13613 |11-0| 103 |6 |12 |22 |7 |15 | 18| 8 |7]|75]|9-0]0| 0 |0-0|0]|0-0]|7|14| 1.325
30 || 15 (10 6 ([13-11]1-5|11-1({ 10-3 | 7| 13 |20 |7 | 13 |20 |85 |7 |[7.5[9-3[0| O [0-0[O0[0-07 [14 1.46
35 [|[16.5(11(6.5(14-4|1-7|11-2( 10-3 |7 |12 |22 |8 | 15[ 18| 9 |7 | 7 [96[0| O [0-O0[O0[O0-O0f 8 [14| 1.596
40 | 18 (11| 6 [14-5|1-7|11-3| 10-3 |8 |13 120|812 |22)|95|7]65]99]0| 0 |0-0/0]0-0]|8]|14) 1.733
45 | 19 (11| 5 [14-6|1-7|11-4| 10-3 |8 | 12|22 |9 15|18 | 10 |7 9-1110| 0 |0-0|0]|0-0]|8]|14) 1.836
50 [ 21 (11 14-711-7 11151 10-3 | 9|1 131 20| 9| 12| 22 |10.5| 8 10-31] 0| O |0-0|0]|0-0|9 |14 2.013
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10' CLEAR SPAN BY 8' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per

Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.

1 85(8| 7 (12-10|0-11]11-0 10-3 [ 8 | 13 | 10 | 5| 15| 18 || 8 | 4 |[10.5]8-0| 4 |10.5]2-3|0|0-0| 6 |16} 1.025
2 |[95(|8](6.5(12-10]0-11}111-0( 0-0 | 7|15 |11 |5| 13|20} 8 |4]| 9 [8-2|4]| 9 |2-5|0|0-0]|6|[16] 1.095
3 (85|7| 6 [12-8|0-10{11-0f 0-0 [6 |12 |13 |5 15|18 8 |4| 9 |80|4| 9 [2-3|0|0-0|6 |16 1.025
4 8 |7]6.5]|12-8|0-10|/11-0| 00 |6 |13 |12 |5|17 |16 8 |4]| 8 |80]|4| 8 |2-2|0]|0-0|6]|16 .99

5 8 |7| 6 |12-8|0-10|/11-0|] 00 |6 |13 |12 |5|17 | 16| 8 |4|75|80]|4|75]|2-2|,0]|00|6]16 .99

6 8 |7| 6 |12-8|0-10|/11-0|] 00 |6 |13 |12 |5|17 |16 8 |4]| 7 |80]|4| 7 |2-2|0]|00]|6]|16 .99

7 (85|7]|65|12-8|0-10{11-0f 0-0 (6|12 |13 |5 15| 18| 8 |4| 6 |80|4| 6 [2-3|0|0-0|6 |16 1.025
8 ||85|(7| 6 [12-8(0-10|/11-0] 00 (6|12 |13 |5 15 (18| 8 (5] 9 [80|5| 9 |2-3|0[0-0]6/[16f 1.025
9 (858 7 [12-10{0-11|11-0( O0-0 (6|12 |13 |5 15| 18| 8 | 5| 8 |80|5| 8 [2-3|0|0-0|6 |16 1.025
10 || 85| 8 | 6.5|12-10/)0-11|11-0] 00 | 6|12 |13 |5 15| 18| 8 |5|75|80|5|75|2-3|0]|0-0|6]|16| 1.025
11 || 85| 8|6.5|12-10(0-11|11-0] 00 |6 12|13 |5 15|18 8 |5|185|80|5|85|2-3|10]|0-0|6]|16) 1.025
12 9 | 8|6.5|12-10/0-11|11-0|] 00 | 7| 15|11 |5 13|20 8 |5|75|81]|5|75]|24|0]|00]|6]16 1.06
13 9 | 8|6.5|12-10/0-11|11-0| 00 | 7| 15|11 |5 13|20 8 |5| 7 |81]|5| 7 |24|0]|0-0|6]16 1.06
14 9 |8| 6 |12-10/0-11|11-0|] 00 | 7| 15|11 5|13 |20 8 |5]65|81]|5|65|2-4|0]|0-0|6]16 1.06
15 |9.5|8| 6 |12-10/]0-11|11-0|] 00 | 7|13 |12 |5 12| 22| 8 |5]| 6 |8-2]|5 2-5(0)10-0|6|16] 1.095
20 |[11.5(9[6.5(136|1-3|11-0| 00 |8 13|12 |6]| 13|20 8 |7 8-3| 6 29101007 |16] 1.235
25 |[13.5(9| 6 [13-7|13|11-1] 103 |6 |12 122 | 7|15 |18 |85|8| 7 |86]|7 3-1{0[0-0(7 (16| 1.406
30 (| 15 (11 7 [14-5]|1-7|11-3[ 10-3 | 7| 13 |20 |7 |13 | 20|9.5|7|65|8-7|6[65[3-4[0([0-0(8/[16| 1.577
35 [|[16.5(11| 6 [(14-6|1-7|11-4( 10-3 |7 |12 |22 |8 | 15[ 18|10 |7 | 6 [89|6| 6 [3-7[0[0-0(8[16] 1.718
40 || 18 (11| 5.5(14-8|1-7|116| 10-3 |8 | 13120 |8 |12 | 22|11 |7]6.5|8-1016|6.5]|3-1010]0-0]| 9 |16| 1.895
45 |[19.5(11| 5 [14-9|1-7|11-7| 10-3 19| 15118 | 9|13 | 20 ||11.5/8|7.5|8-0]|7|75]4-1]10]0-0]9]16| 2.039
50 | 21 (11| & [14-10|1-7 |11-8( 10-3 |9 | 12 |22 |9 |12 |22 |12 |8 | 7 |91 |7 | 7 [4-4|5|7-4]|9|32]| 2185
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10' CLEAR SPAN BY 9' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers

%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(8| 7 [(13-0]|0-11|11-2( 10-3 [ 8| 13 | 10 | 5| 15| 18| 9 [4| 9 [9-0[4| 9 [2-3[|0|[0-0f6 [18]] 1.139
2 ||[95(8(65(13-0|0-11|11-2| 00 | 7|15 |11 |5 13120 9 |4]|75]|9-2|14|75]|2-5|/0]0-0]|6]18 1.21
3 (857 6 [12-10{0-10{11-2( 0-0 (6|12 [ 13 [S5|[ 15[ 18| 9 [4[75|9-0(4([75[2-3[0([0-0|6([18|f 1.139
4 8 |7]6.5]|12-10/0-10|11-2| 00 |6 |12 |13 | 5|15 | 18| 9 |4 | 7 |90]4| 7 |2-2|0]0-0]|6]18| 1.103
5 8 |7| 6 |12-10]0-10|11-2| 00 | 6|12 |13 |5 15| 18| 9 |4]165|90]4|65]|2-2|0]00]|6]18| 1.103
6 8 |7| 6 |12-10]0-10|11-2| 00 | 6|12 |13 |5 15| 18| 9 |4 6 |90]|4| 6 |2-2|0]00]|6]|18] 1.103
7 (857 6 [12-10{0-10{11-2( 0-0 (6|12 [ 13 [S5|[ 15[ 18| 9 [5[85|9-0(5([85[2-3[0([0-0|6 ([18|f 1.139
8 (857 6 [12-10{0-10{11-2( 0-0 (6|12 [ 13 [5|[ 15[ 18| 9 [S5| 8 [9-0(5| 8 [2-3[0([0-0f6 18| 1.139
9 (858 7 [13-0|0-11}11-2( 0-0 (6|12 [ 13 [S5|[ 15[ 18| 9 [S5|[7.5|(9-0(5|7.5[2-3[0([0-0f6 ([18|f 1.139
10 ||[85|8|6.5|13-0|0-11|11-2] 00 |6|12 |13 |5 15| 18| 9 |5 7 |90|5| 7 |2-3|0]0-0|6]1]18) 1.139
1 ||85|8|6.5|13-0|0-11|11-2] 00 |6|12 |13 |5 15|18 9 |5|75|90]|5|75|2-3|0]0-0|7 (18| 1.139
12 9 |8|6.5|13-0|0-11|11-2] 00 | 7|15 |11 |5 13|20 9 |5 7 |91]|5| 7 |24|0]0-0]|7]|18| 1.174
13 9 |8| 6 |13-0|0-11|11-2] 00 | 7| 15|11 |5]|13 |20 9 |5]|65|91]15|65]|24|0]0-0]|7]|18| 1.174
14 119.5|8|6.5|13-0|0-11|11-2] 00 | 7|13 |12 |5|12 |22 9 |5] 6 |92|5| 6 |2-5|0]|0-0]|7]18 1.21
15 |9.5|8| 6 |[13-0|0-11|11-2] 00 | 7|13 |12 |5|12 |22 9 |6|75|9-2|6|75]|25|0]|00]|7]18 1.21
20 |[11.5(9[6.5(13-8|1-3|11-2| 00 |8 13|12 |6 13|20 9 |7 9-3|6| 7 [29]|0 (|00 7 [18]] 1.352
25 |[13.5]10 14-1115|11-3| 103 |6 |12 |22 | 7|15 | 18958 7 |96|7 3-1{0[0-0(7 18] 1.529
30 [ 15 (11 14-711-7|111-5| 10-3 | 7|13 120|713 | 20 ||105/8 | 6.5|9-7|7|16.5|3-4|0]|0-0|8|18) 1.708
35 [[16.5(11| 6 [14-9|1-7|11-7( 10-3 | 8| 15| 18 | 8| 13 | 20 ||11.5] 7 9-9| 6 3-7{0[0-0(9 (18| 1.889
40 || 18 (11| 5.5 (14-10} 1-7 |11-8| 10-3 | 8 | 13 | 20 | 8| 12 | 22 || 12 | 8 9-10| 7 3-10] 5| 8-4| 9 [36] 2.037
45 |[19.5] 11 14-01 1-7 |11-10] 10-3 | 9| 15|18 | 9| 13 | 20| 13 | 8 9-0 | 7 4-11518-4|9 36| 2.224
50 [ 21 (11 15-111-7 |11-11] 10-3 | 9|12 |1 22 | 9| 12| 22 ||113.5/ 8 | 6.5|10-1| 7| 6.5]|4-4|5|8-4|10|36| 2.376
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10°' CLEAR SPAN BY 10' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 85(8 7 (13-2]0-11|11-4 10-3 [ 8| 12 | 11 | 5| 15| 18 || 10 |4 |7.5|10-00 4 |7.5|2-3|0|0-0|7 |20 1.265
2 ||[95|8(65(13-2|0-11|111-4| 00 | 7|15 |11 |5]|13 20|10 |4 | 7 |10-214 | 7 |2-5|10]0-0|7]20) 1.337
3 (85|7| 6 [12-0|0-10{11-4( 00 [6| 12|13 |5 15| 18| 10 |4 [6.5|10-0{4|6.5|2-3|0|0-0|7 |20 1.265
4 7(16.5(12-0|0-10|/11-4| 00 |6 |12 13 | 5|15 | 18| 10|14 ] 6 |10-014 | 6 |2-2|0]0-0|7 (20| 1.229
5 8 |7| 6 |12-0|0-10|11-4| 00 |6 12|13 |5 15| 18|10 |5 9 |10-015| 9 |2-2|0]0-0]| 7|20 1.229
6 8 |7| 6 |12-0|0-10|11-4| 00 |6 12|13 |5 15| 18| 10| 5| 8 |10-01/5| 8 |2-2|0]0-0]|7]20) 1.229
7 (857 6 [12-0|0-10{11-4| 0-0 (6|12 [ 13 |5 15| 18|10 |5 |7.5|10-0{5|7.5|2-3|0|0-0|7 [20] 1.265
8 (85|7| 6 [12-0|0-10{11-4( 0-0 [6 |12 |13 |5 15|18 |10 |5| 7 [10-0{ 5| 7 [2-3|0|0-0| 7 [20] 1.265
9 (85|8| 7 [13-2|0-11|11-4| 0-0 [6| 12|13 |5 15| 18| 10 |5 |[6.5|10-0{ 5|6.5|2-3|0|0-0|7 |20 1.265
10 || 85| 8|6.5|13-2|0-11|114] 00 |6 1213|515 |18 10| 5| 6 |10-0/5| 6 |2-3|0|0-0|7 20| 1.265
1 ||85|8|6.5|13-2|0-11|11-4] 00 | 7|15 |11 | 5|15 |18 10| 5| 7 |10-005| 7 |2-3|10]|0-0|7 20| 1.265
12 9 |8|6.5|13-2|0-11|11-4] 00 | 7| 15|11 |5 13| 20|10 |5 6 |10-1|15| 6 |2-4|0]0-0|7]20) 1.301
13 9 |8| 6 |[13-2|0-11|11-4] 00 | 7|15 |11 |5 13| 20|10 |6 8 |10-1|6| 8 |2-4|0]|0-0|7]20) 1.301
14 1195|8| 6 |13-2|0-11|11-4] 00 | 7|13 |12 5|12 | 22|10 |6 |7.5|10-2]/6|75|2-5|0]0-0|7]20) 1.337
15 |10 | 8| 6 |13-2|0-11|11-4] 00 | 7|12 |13 | 5|12 | 22|10 |6 | 7 |10-2|6| 7 |26|0]0-0|7]20) 1.373
20 |(11.5(9 | 6 (13-10/1-3|11-4| 00 | 8|13 |12 |6 13|20 10 |7]6.5]|10-3]16|6.5]2-9|0]0-0]|7]20) 1.481
25 |[13.5(10 7 [14-3|1-5|11-5| 103 |6 |12 |22 |7]| 15| 18 ||10.5/ 8 |6.5|10-6] 7 | 6.5]3-1|10]0-0| 8 |20| 1.664
30 || 15 (11165149 1-7|11-7( 10-3 | 7| 13 |20 | 7| 12 | 22 |[11.5[ 8 [ 6.5 [10-7[ 7 [6.5[3-4 | 0 [ 0-0( 8 (20 1.85
35 [[16.5(11| 6 ([14-11]1-7|11-9( 10-3 [ 8 | 15| 18 | 8 | 13 | 20 |[12.5[ 8 [ 6.5 [10-9| 7 [ 6.5 3-7 | 5[ 9-4 [ 9 [40 2.04
40 |[18.5(11| 6 [15-1|1-7|11-11] 10-3 | 8 | 12 | 22 | 8| 12 | 22 ||113.5| 8 | 6.5 10-1Q 7 | 6.5(3-11| 5] 9-4| 9 |40 2.27
45 |[19.5(11| 5 [15-3|1-7|12-1| 10-3 19| 13120 | 9| 13 | 20 ||14.5/ 8 | 6.5|10-01 7 |1 6.5]4-1]|5]9-4|10]|40| 2.428
50 (|21.5(1155(15-4|1-7]12-2( 10-3 [ 9| 12 | 22 [10| 15 [ 18 || 15 |8 | 6 [11-2[ 7| 6 [4-5| 5 [9-4 [10[40| 2.623
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11" CLEAR SPAN BY 5' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE

812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 |8 7 |136|0-11|11-8]| 11-3 18|13 |11 | 5|14 |20 6 |4] 9 |6-3|]0| O |0-0|0]0-0]|5]10 .889
2 |[95(9(75(14-2]1-3|11-8| 00 |7]|14 |12 |5]|14 20| 6 |4] 9 |64]0| O |0-0|,0]0-0]5]10 .926
3 (|85|8|65|13-6|0-11|11-8( 0-0 (6|12 |14 (5|16 [ 18| 6 (4| 9 [6-2[{0| O [0-0[O0([0-0(5 (|10 .852
4 |[85|7| 6 [13-4]|0-10|/11-8| 0-0 |6]|12 |14 |5]|16 | 18| 6 |4] 9 |6-2]0| O |0-0|,0]0-0]5]10 .852
5 (85|8|75|13-6|0-11|11-8( 0-0 (6|12 |14 (5|16 [ 18| 6 (4| 9 [6-2[{0| O [0-0[O0([0-0f5 (|10 .852
6 (858 7 |13-6|0-11|11-8( 0-0 (6|12 |14 (5|16 [ 18| 6 (4| 9 [6-2[{0| O [0-0[O0([0-0f5 (|10 .852
7 (|85|8|65|13-6|0-11|11-8( 0-0 (6| 12|14 (5|16 [ 18| 6 (4| 9 [6-2[{0| O [0-0[O0[0-0( 5 |10 .852
8 9 |8 7 |136|0-11|11-8] 00 |6| 12|14 5|14 |20 6 |4] 9 |6-3|]0| O |0-0|0]0-0]|5]10 .889
9 9 |8|6.5|13-6|0-11|11-8] 00 |6| 12|14 | 5|14 |20 6 |4] 9 |6-3|]0| O |0-0]0]0-0]|5]10 .889
10 9 (8| 6 [13-6(0-11|11-8] 00 (6|12 |14 |5]|14|[20) 6 (4] 9 [6-3|0| O |0-0|O0(0-0|5(10 .889
1 9.5|8| 6 [13-6|0-11|11-8] 00 | 7|14 |12 5|13 |22 6 |4] 9 |64|0| O |0-0]0]0-0]|5]10 .926
12 95| 8|6.5|136|0-11|11-8] 00 | 7|14 |12 |5 13 |22 6 |4] 9 |64|0| O |0-0|/0]|0-0]|5]10 .926
13 |95|8| 6 |[13-6|0-11|11-8] 00 | 7|14 |12 5|13 |22 6 |4] 9 |64|0| O |0-0|/0]0-0]|5]10 .926
14 | 10| 8| 6 |13-6|0-11|11-8] 00 | 7|13 |13 |5 12| 24| 6 |4] 9 |65|/0| O |0-0|0]0-0]|6]10 .963
15 ||10.5| 8| 6 |13-6|0-11|11-8] 00 | 7|13 |13 |5 12| 24| 6 |4] 9 |[66|0| O |0-0|/0]0-0]|6]10 1
20 || 12 {10 7 [146|1-5|11-8| 11-3 |6 | 14|20 |6 14|20 6 |4]65|69]0| 0 |0-0]0]0-0]6]10) 1.111
25 |[ 14 (10| 6 (146|1-5|11-8| 11-3 |6 |12 24 |7|16 | 18| 6 |5] 6 |7-1]0| 0 |0-0|,0]0-0]|6]10) 1.259
30 || 16 (11| 6.5 (14-11]1-7 | 119 11-3 | 7| 13 |22 |7 | 13 |22 ||6.5|6| 6 [7-5[0| O [0-0[O0[0-0f6 [10] 1.431
35 [[17.5(11| 55 (14-0|1-7 |11-10[ 11-3 | 8 | 14 [ 20 [ 8| 14 | 20| 7 |[6| 6 [7-8[0| O [0-0[O[O0-Of 7 [10] 1.568
40 |[ 19 (11| & (151 1-7 1111 11-3 |8 | 13 | 22 |8 |12 | 24 75 |7 | 7 |7-11]10| O |0-0|0]0-0|7|10) 1.706
45 | 21 (11| S [15-2|1-7|12-0| 11-3 19|14 120|913 | 22| 8 |7]65|83|]0| 0 |0-0,0]0-0]|8]10| 1.884
50 [ 23 |11 15-3|1 171121 113 1911212419112 | 24|85|8|65|87|0| 0 |0-0]0]0-0]|38]10) 2.064
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11" CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers

%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 |8 7 |136|0-11|11-8]| 11-3 18|13 |11 | 5|14 |20 6 |4] 9 |7-3]0| O |0-0|]0]|0-0]|5]12 .926
2 |[95(9(75(14-2]1-3|11-8| 00 | 71412514120 6 |4] 9 |7-4]0]| 0 |0-0]0]0-0]5]12 .963
3 (|85|8|65|13-6|0-11|11-8( 0-0 (6|12 (|14 (5|16 [ 18| 6 (4| 9 [7-2[{0| O [0-0[O0([0-05 (|12 .889
4 |[85|7| 6 [13-4]0-10|/11-8| 0-0 |6 12|14 |5]|16 | 18| 6 |4 9 |7-2]0]| 0 |0-0]0]0-0]|5]12 .889
5 (85|8|75|13-6|0-11|11-8( 0-0 (6|12 |14 (5|16 [ 18| 6 (4| 9 [7-2[{0| O [0-0[O0([0-05 (|12 .889
6 (858 7 |13-6|0-11|11-8( 0-0 (6|12 |14 (5|16 [ 18| 6 (4| 9 [7-2[{0| O [0-0[O0([0-05 (|12 .889
7 (|85|8|65|13-6|0-11|11-8( 0-0 (6| 12|14 (5|16 [ 18| 6 [4[85(7-2[{0| O [0-0[O0([0-0(5 (|12 .889
8 9 |8 7 |13-6|0-11|11-8] 00 | 6|12 |14 | 5|14 | 20| 6 |4 7-3[0f O [0-0[O0([0-0f5 (12 926
9 9 |8|6.5|13-6|0-11|11-8] 00 |6| 12|14 | 5|14 |20 6 |4 7 |7-3]0| O |0-0]0]0-0]|5]12 .926
10 8| 6 |13-6|0-11|11-8| 0-0 | 6|12 |14 | 5|14 | 20| 6 |4 7-3[0f O [0-0[O0([0-0f5 (|12 926
1 95|8| 6 [13-6|0-11|11-8] 00 | 7|14 |12 |5 13 | 22| 6 |5|185|74|0| 0 |0-0]0]0-0]|5]12 .963
12 95| 8|6.5|136|0-11|11-8] 00 | 7|14 |12 |5 13 | 22| 6 |4 6 |74]0| O |0-0|]0]0-0]|5]12 .963
13 |95|8| 6 |[13-6|0-11|11-8] 00 | 7|14 |12 5|13 | 22| 6 |5 8 |74]0| 0 |0-0|/0]0-0]|5]12 .963
14 110 |8| 6 |13-6|0-11|11-8] 0-0 | 7|13 |13 | 5|12 | 24| 6 |5 7-5(0f O [0-0[{O0([0-0f6 (12 1
15 ||10.5| 8| 6 |13-6|0-11|11-8] 00 | 7|13 |13 |5|12 | 24| 6 |5|65|76|0| 0 |0-0]0]0-0|6](12) 1.037
20 |[ 12 (10| 7 [14-7|1-5|119| 11-3 |6 |14 |20 |6 |13 | 22|65|6]| 7 |79]0| 0 |0-0|,0]0-0|6 (12| 1173
25 |[ 14 (10| 6 [14-8|1-5|11-10] 11-3 |6 |12 |1 24 | 7|14 |20 7 |6] 6 |81]0| O |0-0|/0]0-0]|6]12| 1.348
30 || 16 (1165 [15-1|1-7 11-11[ 11-3 | 7 | 13 |22 |7 |12 | 24 ||7.5|6[6.5|85|0| 0 [0-0|0|0-0|7 [12] 1.525
35 [[17.5(11 55 ([15-2|1-7|12-0( 11-3 | 8| 14 | 20| 8| 14 | 20| 8 | 6 8-8|0| 0 [0-0[0(|0-0f7 [12]] 1.667
40 |[ 19 (11| & [15-3|1-7|12-1| 11-3 |8 | 13 | 22 | 8| 12| 24 || 85| 7 8-111 0| 0 |0-0]0]0-0]8]12) 1.809
45 |[ 21 |11 15-411-7 11221 11-3 19|14 |1 20| 9|13 | 22| 9 |7 9-3| 0| O [0-0[0|0-0f8[12] 1.992
50 [ 23 |11 15-5|1-7|112-3| 11-3 19| 12| 24 |10 14 |1 20 95|9|75|9-7]10| 0 |0-0|0]|0-0]|38]|12) 2177
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11" CLEAR SPAN BY 7' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 |8|6.5|13-8|0-11|11-10] 11-3 |8 |12 |12 | 5|14 | 20| 7 |4 10|83]|]0| O |0-0|0]|0-0]|6]|14| 1.016
2 10| 8| 6 |13-8(0-11({11-10f 0-0 (7|14 [ 12 (S| 13 22| 7 [4 ([ 10 (85[0 O [0-0[O0[0-0f6 (14| 1.091
3 (|85|8|65|13-8|0-11|11-10f 0-0 (6|12 |14 (5|14 [ 20| 7 (4|10 (820 O [0-O0[O0([0-0f6 (|14 978
4 |[85(8(|75([13-8|0-11|111-10 0-0 |6 ]| 12|14 5|14 |20 7 |4]195|82]0| 0 |0-0]0]0-0]|6]14 978
5 (85|8|75|13-8|0-11|11-10f 0-0 (6|12 [ 14 (5|14 [ 20| 7 [4[85(8-2[0| O [0-0[O0([0-0f6 (|14 978
6 (858 7 [13-8|0-11|11-10f 0-0 (6|12 |14 (5|14 [ 20| 7 [4|[75(8-2[0| O [0-O0[O0([0-0f6 (|14 978
7 (|85|8]|65|13-8|0-11{11-10f 0-0 (6|12 [ 14 (5|14 [ 20| 7 (4| 7 [8-2[0| O [0-O0[O0([0-0|6 (|14 978
8 9 |8| 7 |13-8|0-11|11-10] 0-0 |6 |12 |14 | 5|14 |20 7 |4]|165|83|0| 0 |0-0|[0]|0-0]|6]|14| 1.016
9 9 |8|6.5|13-8|0-11|11-10] 0-0 |6 |12 |14 | 5|14 |20 7 |4 6 |83]|0| O |0-0|0]0-0]|6]|14] 1.016
10 9 |8| 6 |13-8]|0-11|11-10] 00 |6 |12 |14 | 5|14 |20 7 |5]|85|83|0| 0 |0-0|[0]|]0-0]|6]14| 1.016
1 [95|8| 6 |13-8|0-11|11-10) 0-0 | 7|14 |12 5|13 | 22| 7 |5]|75|84]|0| 0 |0-00]|0-0|6]|14) 1.053
12 |95|8| 6 |13-8|0-11|11-10] 0-0 | 7|14 |12 |5 13 | 22| 7 |5|185|84]|0| 0 |0-0|/0]|0-0|6]14) 1.053
13 |10 | 8| 6 |13-8|0-11|11-10] 0-0 | 7|13 |13 | 5|12 | 24| 7 |5]|75|85|0| 0 |0-0/0]|0-0]|6]14)] 1.091
14 (10 |9 | 7 |14-4|1-3|11-10] 0-0 | 7|13 |13 |5 |12 |24 7 |5 7 |85|0| 0 |0-0]0]|0-0|6]|14)] 1.091
15 ||10.5| 8| 6 |13-8|0-11|11-10) 0-0 | 7|13 |13 | 5|12 | 24| 7 |5 6 |86|0| O |0-0|0]|0-0|6]|14)] 1.129
20 |[12.5(9[6.5(14-5|1-3|11-11] 11-3 |6 | 14 | 20 |6 | 13 | 22| 75|6]6.5|8-1010| O |0-0|,0]0-0|6]|14) 1.307
25 |[14.5(10| 6.5 (14-10/ 1-5|120| 11-3 | 7|16 | 18 | 7|14 | 20| 8 | 7| 7 |9-2]0| O |0-0|0]0-0]|7]14| 1.488
30 || 16 (11 6.5 [15-3|1-7|12-1( 11-3 |7 | 13 |22 |7 |12 |24 |85 |7 |7.5[9-5[0| O [0-0[O0[0-0f7 [14] 1.632
35 [[17.5(11 55 ([15-4|1-712-2( 11-3 | 8| 14 | 20 |8 | 13 | 22| 9 |7 9-8 0| O [0-0[O0|0-0f8[14| 1.778
40 |[19.5(11| & [15-5|1-7|12-3| 11-3 |8 | 12124 |8 |12 |24 |95|7] 6 |10-000| O |0-0|,0]0-0|8]|14| 1.964
45 |[21.5(11[ 5.5 (156 |1-7|12-4| 11-3 19|13 122 9|13 | 22|10 |8] 6 |10-4/0| O |0-0|,0]0-0|8]|14) 2.152
50 | 23 (11| & [15-7|1-7|12-5( 11-3 | 9| 12 | 24 [10| 14 | 20 |[10.5] 9 [ 6.5|10-7{ O O [O0-0|[ O [0-O0( 9 [14| 2.303
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11" CLEAR SPAN BY 8' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 | 8|6.5|13-10]0-11|12-0| 11-3 |8 | 12|12 | 5|14 |20 8 |4]|10|81]14|10]|24|0]0-0]|6]|16) 1.118
2 10| 8| 6 |13-10{0-11{12-0f 0-0 (7|14 [ 12 (5|13 [ 22| 8 [4[85(8-2|4[85[2-6[0([0-0[6/([16| 1.194
3 (|85|8]6.5(13-10{0-11]12-0f 0-0 (6 (12|14 (5|14 [ 20| 8 [4[85(80(4(85[2-3[0[0-0(6](16 1.08
4 |[85(|8](75(13-10]0-11|112-0| 0-0 |6 1214|5141 20| 8 |4 8 |80]4| 8 |2-3|/0]0-0|6]16 1.08
5 (858 7 [13-10{0-11{12-0( 0-0 (6|12 |14 (5|14 [ 20| 8 [4|[75(80(4|75[2-3[0[0-0|6](16 1.08
6 (858 7 [13-10{0-11|12-0f 0-0 (6 (12|14 (5|14 [ 20| 8 [4[65(80(4(65[2-3[0[0-0(6/(16 1.08
7 (|85|8]6.5(13-10{0-11|12-0( 0-0 (6|12 |14 (5|14 [ 20| 8 (4| 6 [80(4| 6 [2-3[0[0-0|6 (16 1.08
8 9 | 8|6.5|13-10/0-11|12-0| 00 | 7|16 |11 | 5|14 | 20| 8 |5 8-115 2-4101]0-0]|6 (16| 1.118
9 9 |8| 6 |13-10/0-11|12-0| 00 | 7|16 |11 | 5|14 |20 8 |5]| 8 |81]|5| 8 |2-4|0]|0-0]|6]|16) 1.118
10 [|9.5]| 8 |6.5|13-10]0-11|12-0|] 00 | 7|14 |12 5|13 | 22| 8 |5|75|8-2|5|75|25|0]|00|6]16) 1.156
1 19.5|8| 6 |13-10]0-11|12-0] 00 | 7|14 |12 5|13 | 22| 8 |5 7 |82|5| 7 |2-5|0]0-0|6]|16) 1.156
12 |9.5|8| 6 |13-10]0-11|12-0|] 00 | 7|14 |12 5|13 | 22| 8 |5|75|8-2|5|75|25|0]|00]|6]16) 1.156
13 | 10 | 8| 6 |13-10]0-11|12-0|] 00 | 7|13 |13 |5 12| 24| 8 |5 8-2|5 26|10]0-0]|6|16) 1.194
14 110 |9 7 |14-6|1-3|12-0] 00 | 7|13 |13 |5 12|24 8 |5 8-2 |5 26| 0]0-0]|6 (16| 1.194
15 ||10.5| 9| 7 |146|1-3|12-0] 00 | 7|12 |14 |5|12 | 24| 8 |6 8 |83|6| 8 |2-7|0]0-0|6]|16) 1.233
20 |[12.5( 9| 6 (14613 |12-0| 11-3 |6 |14 120|613 |22 8 |7]165|84]|6|65|2-1110]0-0| 7 |16| 1.385
25 |[14.5(10f 6 [15-0|1-5|12-2| 11-3 |7 |14 120|714 |20 9 |7]65|86]|6|65]|3-3|0]0-0]|7]16) 1.602
30 (16.5(11 7 [15-5|1-7|12-3( 11-3 |7 |13 |22 |7 |12 |24 ||95|7|[65(89|6[65[3-7[0[0-0(8/[16 1.79
35 || 18 (11| 6 [15-6|1-7|12-4( 11-3 | 8| 14 |20 |8 | 13 | 22|10 |7 | 6 [8-10/ 6| 6 [3-10{ 0 [0-0( 8 [16 1.94
40 |[19.5(11| & [15-7|1-7|12-5| 11-3 |8 | 12|24 | 8| 12| 24 ||105/86.5|80]|7|65]4-1],0]0-0]|8]16| 2.093
45 |[21.5(11| & [15-9|1-7|12-7| 11-3 |9 |13 122 |9 |13 |22 ||11.5|8 | 7 |9-2| 7| 7 |4-5|0]0-0]|9]|16| 2.322
50 (|23.5(11| 5.5 (15-10] 1-7 | 12-8 | 11-3 [10| 14 | 20 [10| 13 [ 22 || 12 [ 8 [6.5[9-3 |7 [6.5[4-9 |5 [7-4 [ 9 [32| 2.519
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11" CLEAR SPAN BY 9' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers

%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 | 8(6.5|14-0|0-11|12-2| 11-3 18|12 112|514 |20 9 |4 9 |91]14]| 9 |24|0]0-0]|6]|18] 1.233
2 10| 8| 6 |14-0({0-11{12-2| 0-0 (7 [ 14 [ 12 [S5[ 13 [ 22| 9 [ 4 9-2(4| 8 [26[0[0-0|6 (18 1.31
3 [|85|8]|65(14-0|0-11{12-2( 0-0 (6|12 |14 (5[ 14 [ 20| 9 [4[75(9-0(4([75[2-3[0([0-0f6 (18| 1.194
4 |[85|8( 7 [14-0]0-11112-2| 0-0 |6 1214|514 |20 9 |4 7 |90]4 )| 7 |2-3|0]0-0|6]18| 1.194
5 (858 7 [14-0|0-11{12-2( 0-0 (6|12 |14 (5[ 14 [ 20| 9 [4[65(9-0(4([65[2-3[0([0-0|6 (18| 1.194
6 (858 7 [14-0|0-11|12-2( 0-0 (6|12 |14 (5[ 14 [ 20| 9 [4| 6 [9-0(4 | 6 [2-3[0([0-0|6 (18| 1.194
7 (858]|65|14-0|0-11}12-2( 0-0 (6| 12|14 [5|[ 14 [ 20| 9 [5[85|9-0[5[85[2-3[0([0-0|6 (18| 1.194
8 9 | 8|6.5|14-0|0-11|12-2] 00 | 7|16 |11 |5 14|20 9 |5 8 |91]|5| 8 |24|0]0-0]|6]|18| 1.233
9 9 |8| 6 |14-0|0-11|12-2] 00 | 7|16 |11 | 5|14 |20 9 |5|75|91]|5|75|24|0]0-0]|6]18| 1.233
10 |95 8| 6 |14-0|0-11|12-2] 00 | 7|14 |12 5|13 | 22| 9 |5]65|9-2|5|65|25|0]|0-0]|6]18) 1.272
1 [19.5|8| 6 |14-0|0-11|12-2] 00 | 7|14 |12 |5 13 | 22| 9 |5]65|9-2|5|65|25|0]|0-0]|7]|18) 1.272
12 95| 8| 6 |14-0|0-11|12-2] 00 | 7|14 |12 5|13 |22 9 |5 7 |9-2|5| 7 |25|0]0-0]|7 (18| 1.272
13 |10 | 8| 6 |[14-0|0-11|12-2] 00 | 7|13 |13 |5|12 | 24| 9 |5]65|9-2|5|65|26|0]|00]|7]18 1.31
14 10| 9| 7 |[14-8|1-3|12-2] 00 | 7|13 |13 |5|12 |24 9 |6 8 |9-2|6| 8 |26|0]|0-0|7]18 1.31
15 ||10.5| 9| 7 |14-8|13|12-2] 00 | 7|12 |14 |6 |16 | 18| 9 |6|75|93|6|75|2-7|0]0-0|7|18| 1.349
20 |[12.5( 9| 6 [14-8|1-3|12-2| 11-3 |6 |14 120|613 | 22| 9 |7]65]|94]|6|65]|2-1110]0-0| 7 |18| 1.503
25 |[14.5(10f 6 [15-1|1-5|12-3| 11-3 |7 |14 120|714 20)95|8]|65|96]|7|65]3-3|0]0-0]|7]18| 1.693
30 [[16.5(11(6.5[15-7|1-7|12-5( 11-3 |7 | 12 |24 | 7| 12 | 24 |[10.5[ 8 [6.5|9-9|7 [6.5[3-7[ 0 [0-0( 8 [18] 1.921
35 || 18 (11| 55 (15-8|1-7|12-6( 11-3 [ 8| 13 |22 |8 | 13 |22 | 11 |8 |6.5|9-10[ 7 [ 6.5 |3-10[{ O [ 0-0 | 8 [18| 2.077
40 |[19.5(11| 5 [15-1011-7|12-8| 11-3 |8 | 12124 19|14 |1 20|12 |8]|65|90]7|65]|4-1|5]|8-4]|9]36| 2272
45 |[21.5(11| 5 [15-0|1-7 |12-10] 11-3 | 9| 13 | 22 | 9| 12| 24 || 13 | 8 10-2| 7 4-5|15)184|9 |36 2.51
50 ([|23.5(11 16-1| 1-7 |12-11] 11-3 |10| 14 | 20 |10] 13 | 22 ||13.5| 8| 6 |10-3| 7| 6 |4-9|5|8-4|10|36) 2.713
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11" CLEAR SPAN BY 10' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 | 8(6.5|14-2|0-11|124]| 11-3 18|12 |12 | 5|14 |20 10| 4|75|10-114|75]|2-4|10]0-0]|7]20 1.36
2 10 |1 8| 6 |14-2(0-11{12-4| 0-0 (7 [ 13 [ 13 [S5|[ 13 [ 22|10 (4| 7 [(10-2[ 4| 7 [2-6[0[0-0( 7 (20| 1.438
3 |85|8|65|14-2|0-11{12-4( 0-0 (6|12 (|14 5|14 [ 20| 10 |4 [6.5(10-0({ 4 [6.5[2-3[0[0-0 7 (20| 1.321
4 858 7 [14-2]0-11|112-4| 0-0 |6 |12 |14 |5]| 14|20 10| 4] 6 |10-014 | 6 |2-3|0]0-0|7 (20| 1.321
5 858 14-210-11|112-4| 00 |6 |12 |14 5|14 | 2010 |5 9 |10-015| 9 |2-3|0]0-0]|7]20) 1.321
6 85|38 14-210-11|1124| 00 |6 |12 |14 5|14 |20 10| 5| 8 |10-01/5| 8 |2-3|0]0-0]|7 (20| 1.321
7 (|85|8|65|14-2|0-11|12-4| 0-0 (6| 12| 14 [ 5| 14 [ 20| 10 [ S| 7.5(10-0{ 5 |7.5[2-3[0[0-0( 7 (20| 1.321
8 9 | 8(6.5|14-2|0-11|124| 00 | 7|14 |12 | 5|14 | 2010 |5 7 |10-115| 7 |2-4|10]0-0|7]20 1.36
9 9 | 8| 6 |14-2|0-11|12-4] 00 | 7|14 |12 |5 14|20 10| 5]|6.5|10-115|6.5]|2-4|0]0-0]|7]20 1.36
10 |95 8| 6 |14-2|0-11|12-4] 00 | 7|14 |12 |5 13 | 22|10 |5 6 |10-2]|5| 6 |2-5|0]0-0|7]20) 1.399
11 10|18 6 |14-2(0-11{12-4| 0-0 (7 [ 13 [ 13 |5 12 |24 |10 (6| 8 [10-2[ 6| 8 [2-6[ 0 [0-0( 7 (20| 1.438
12 95| 8| 6 |14-2|0-11|124] 00 | 7|14 |12 5|13 | 22|10 |5 6 |10-2|5| 6 |2-5|0]0-0|7]20) 1.399
13 |10 | 8| 6 |14-2|0-11|12-4] 00 | 7|13 |13 |5 12| 24|10 |6 | 8 |10-2|6| 8 |26|0]|0-0|7]20) 1.438
14 10.5| 8| 6 |14-2|0-11|12-4| 00 | 7|12 |14 |6 |16 | 18| 10 |6 |7.5|10-3|6|7.5|2-7|0]0-0|7|20| 1.477
15 |[10.5] 9 | 6.5 |14-101 1-3|124| 00 | 7|12 |14 |6 |16 | 18| 10| 6| 7 |10-3|6 | 7 |2-7|0]0-0|7|20| 1.477
20 |[12.5( 9| 6 (14-1011-3|12-4| 11-3 |6 |13 |22 |6 |13 | 22|10 | 7] 6 |10-4]6 | 6 |2-1110]0-0| 7 |20| 1.634
25 |[14.5(10f 6 [15-3|1-5|12-5| 11-3 |7 |14 |20 |7 | 14 | 20 ||10.5/8 | 6 |106] 7| 6 |3-3|0]0-0|8|20| 1.829
30 [(16.5(11[6.5[15-9|1-7|12-7( 11-3 |7 | 12 |24 | 7| 12 | 24 ||11.5]| 8| 6 [10-9| 7| 6 [3-7| 0| 0-0| 8 |20 2.065
35 || 18 (11| 5.5 (15-11] 1-7 |12-9( 11-3 | 8 | 13 | 22 | 8 | 13 | 22 |[12.5] 8 | 6.5 [10-1(] 7 | 6.5 [3-10| 5 [ 9-4 [ 9 [40| 2.266
40 | 20 (11| 5.5 (16-1|1-7 |12-11] 11-3 | 9| 14 | 20 | 9| 13 | 22 ||13.5/ 8 | 6.5 |11-01 7 |1 6.5]|4-2|5]9-4| 9 |40 2.51
45 | 22 (11 5.5 (16-3 | 1-7|13-1| 11-3 19| 12124 | 9| 12| 24 ||145|/8 | 6.5 |11-2] 7|1 6.5]|14-6|5]|9-4|10]|40| 2.758
50 (|23.5(11| & [16-4|1-7|13-2( 11-3 [10| 13 | 22 [10| 13 [ 22 || 15 |8 | 6 [11-3[ 7| 6 [4-9| 5[ 9-4 [10[40| 2.926
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11' CLEAR SPAN BY 11' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 | 8|6.5|14-4|0-11|126| 11-3 |8 |12 112|513 | 22|11 |14]|65|11-114165]|2-4|0]0-0]|7 22| 1.499
2 10|18 6 |14-4(0-11{12-6| 0-0 (7 [ 13 [ 13 [S5| 12|24 |11 |4 6 [(11-2[ 4| 6 [2-6[ 0 [0-0( 7 (22| 1.579
3 |85|8|65|14-4|0-11|12-6( 0-0 (6|12 |14 (5|14 [ 20| 11 |[4| 6 (11-0{ 4| 6 [2-3[0[0-0( 7 |22 1.46
4 858 7 [14-4]0-11|1126| 0-0 |6 1214|514 20|11 |5 8 |11-015| 8 |2-3|0]0-0|7]22 1.46
5 858 14-410-11|126| 00 |6 |12 |14 | 5|14 20|11 |5 8 |[11-01/5| 8 |2-3|0]0-0]|7 |22 1.46
6 85|38 14-410-11|126| 00 |6 |12 |14 | 5|14 20|11 |5 7 |[11-015| 7 |2-3|0]0-0]|7]22 1.46
7 (|85|8]|65|14-4|0-11|12-6( 0-0 (6|12 14 [S5|[ 14 [ 20| 11 (S| 7 [(11-0{ 5| 7 [2-3[0[0-0( 7 |22 1.46
8 9 | 8|6.5|14-4|0-11|126| 00 | 7|14 112|513 | 22|11 |5 6 |[11-115| 6 |2-4|0]0-0]|7|22| 1.499
9 9 | 8| 6 |14-4|0-11|126| 00 | 7|14 |12 |5 13 | 22|11 |5 6 |[11-1]15| 6 |2-4|0]0-0]|7|22| 1.499
10 |95 8| 6 |14-4|0-11|126| 00 | 7|14 |12 5|13 | 22|11 |6 |75|11-2]16|75]|25|0]0-0]|7 (22| 1.539
11 10 |1 8| 6 |14-4(0-11{12-6| 0-0 (7 [ 13 [ 13 (5|12 |24 |11 |6 7 [(11-2[ 6| 7 [2-6[0[0-0( 7 (22| 1.579
12 95| 8| 6 |14-4|0-11|126| 00 | 7|14 |12 5|13 | 22|11 |6 8 |[11-2]6| 8 |2-5|0]0-0|7 (22| 1.539
13 |10 | 8| 6 |14-4|0-11|126| 00 | 7|13 |13 |5 |12 | 24|11 |6 7 |[11-2]6| 7 |26|0]0-0|7]22| 1.579
14 10.5| 8| 6 |14-4|0-11|126| 00 | 7|12 |14 |6 |16 | 18| 11 |6 |6.5|11-3|16|65|2-7|0]0-0|7]22| 1.618
15 ||10.5| 9 |6.5|15-0|1-3|126| 00 |7| 12|14 |6 |16 | 18| 11 |6 |6.5|11-3]16|6.5|2-7|0]0-0|7 (22| 1.618
20 [ 13 [9([65(15-0|1-3|126| 11-3 |6 |13 |22 |6 |12 | 24|11 | 7] 6 |11-5|/6| 6 |3-0,0]0-0|8]22| 1.816
25 |[14.5(11| 7 (159 1-7|12-7| 11-3 | 7|14 |1 20 | 7| 14 | 20 |11.5|/8 | 6 |116] 7| 6 |3-3|0]0-0|8|22| 1.977
30 [[16.5(11 6.5 (15-11] 1-7 |12-9( 11-3 | 7| 12 | 24 | 8 | 14 | 20 |[12.5]| 9| 7 [11-9[ 8 | 7 [3-7| 5 [10-4[ 9 [44| 2.222
35 [[18.5(11 16-2|11-7|113-0| 11-3 |8 | 13 |1 22 |8 12| 24| 14 |8 |6.511-1Q 7| 6.5|3-11| 5 |10-4| 9 |44| 2.514
40 |[ 20 |11 16-4|1-7113-2| 11-3 1911412019113 | 22|15 |8 | 6 |12-01 7| 6 |4-2|5|10-4|10|44| 2.727
45 | 22 (11 5.5 (16-5|1-7|13-3| 11-3 |9 | 12 124 | 9| 12 | 24 16519 | 7 |12-21 8| 7 |4-6| 5|10-4|10]|44| 2.939
50 ([23.5({11| & [16-7|1-713-5( 11-3 |10]| 13 | 22 |10] 13 | 22 ||16.5] 9 12-3| 8 4-915110-4|11144| 3.157
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12' CLEAR SPAN BY 6' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 | 8| 6 |146|0-11|12-8]| 12-3 18|12 |13 |5 14|22 6 |4] 9 |7-3]0| 0 |0-0]0]0-0]|5]12 .985
2 |[10.5(9(75(15-2]1-3|12-8| 0-0 | 7|14 |13 |5| 13|24 6 |4]| 9 |76|0|] O |0-0]0|0-0|5]([12] 1.105
3 9 | 8| 6 |146|0-11|12-8| 00 |6| 12|15 |5 14|22 6 |4] 9 |7-3]0| O |0-0|0]0-0]|5]12 .985
4 9 |8 7 |14-6|0-11|12-8| 00 |6 |12 |15 |5 14|22 6 |4] 9 |7-3]0| 0 |0-0]0]0-0]|5]12 .985
5 9 | 8|6.5|146|0-11|12-8| 00 |6| 12|15 |5 14|22 6 |4] 9 |7-3]0| 0 |0-0|]0]0-0]|5]12 .985
6 9 | 8|6.5|146|0-11|12-8| 00 |6|12 |15 |5 14|22 6 |4] 9 |7-3]0| 0 |0-0|]0]0-0]|5]12 .985
7 9 |8| 6 |14-6|0-11|12-8] 00 |6 12|15 |5 14|22 6 |4 8 |7-3]0| O |0-0]0]0-0]|5]12 .985
8 [|95|8]| 6 [14-6|0-11|12-8( 0-0 (7|16 |12 |5| 14 | 22| 6 |4| 7 |7-4[{0| O [0-0|O0|0-0|5([12] 1.025
9 (95|9|75|15-2|1-3|12-8 0-0 (7|16 |12 |5| 14| 22| 6 |4|65|7-4[{0| O [0-0|]O0(|0-0|5([12] 1.025
10 |10 | 8| 6 |14-6|0-11|12-8] 00 | 7|14 |13 |5 13| 24| 6 |5 9 |75|0| 0 |0-0]0]|0-0|5]|12| 1.065
11 1019 7 |15-2(1-3(12-8| 0-0 (7|14 (13 (513 |24 6 [S5| 8 [7-5(0f O [0-O0[O[0O-0f5 [12ff 1.065
12 (10.5| 9| 7 |[15-2|11-3|12-8] 00 | 7|13 |14 |5 13|24 6 |5 760 O [0-O[O(0O-0Of5 (12ff 1.105
13 ||10.5| 9| 7 |15-2|1-3|12-8] 00 | 7|13 |14 |5|12 | 26| 6 |5|75|76|0| 0 |0-0]0]|0-0|5 12| 1.105
14 |10.5| 9 |6.5|15-2|1-3|12-8] 00 | 7|13 |14 |5|12 | 26| 6 |5|65|76|0| 0 |0-00]0-0|6 12| 1.105
15 |11 ]19|65|15-2|13|12-8] 00 | 7|12 |15 |6 |16 | 20| 6 |5 6 |7-710| O |0-0|0|0-0|6 12| 1.145
20 |[ 13 [10[{6.5(15-7|1-5|129| 12-3 |6 |14 |22 6|13 | 24|65|6]|65|7-1110| 0 |0-0,0]0-0]|6]12) 1.331
25 |[ 15 (11| 6.5 (16-1|1-7|12-11] 12-3 | 7|16 | 20 | 7| 14 | 22 || 75| 5]6.5|83]0| 0 |0-0,0]0-0]|7]12| 1.546
30 [(17.5(11|6.5([16-1|1-7|12-11[ 12-3 | 7|12 | 26 |7 |12 | 26 |7.5|7|75|88|0| 0 |0-0]0]0-0]7]12 1.75
35 || 19 (11| & [16-2|1-7]|13-0( 12-3 | 8| 13 |24 |8 | 13 |24 | 8 |7 [65(8-11[ 0| O [0-0[O0[0-0(7 [12] 1.901
40 | 21 (11| 5 [16-4|1-7|13-2| 123 |8 |12 126|914 |22 9 |6]65|93|]0| 0 |0-0|]0]0-0]8]|12| 2.125
45 |[23.5(11| 5 [16-5|1-7|13-3| 12-3 19| 12126 |9 12| 26|95|7]|75]|98]0| 0 |0-0,0]0-0]|38]12| 2.364
50 (|25.5(11| & [16-6|1-7|13-4( 12-3 [10| 13 | 24 [10| 13 [ 24 || 10 | 7 [6.5(10-00/ 0| O [0-0[ O [0-0( 9 [12|[ 2.564
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12' CLEAR SPAN BY 7' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD | ., VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[3|2|8]8]8 822|822 (N2 |y]|E|SueErs

%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 9 | 8| 6 |14-8|0-11|12-10] 12-3 |9 |14 |11 | 5|14 | 22| 7 |4]|110|83|0| 0 |0-0]0|0-0]|6 14| 1.075
2 |[10.5( 9| 7 [15-4]1-3|12-10 0-0 | 7|13 |14 | 5|13 | 24| 7 |4]10|86]|0| 0 |0-0|)0]|0-0)|6 114 1.197
3 9 | 8| 6 |14-8|0-11|12-10] 00 |6 |12 |15 |5 |14 | 22| 7 |4]110|83|0| 0 |0-0]0|0-0]|6|14| 1.075
4 9 | 8|6.5|14-8|0-11|12-10] 0-0 |6 |12 |15 |5 |14 | 22| 7 |4]195|83|0| 0 |0-0]0]|0-0]|6 14| 1.075
5 9 | 8|6.5|14-8|0-11|12-10] 00 |6 |12 |15 |5 |14 | 22| 7 |4]|185|83|0| 0 |0-0/0]|0-0]|6]|14| 1.075
6 9 | 8| 6 |14-8|0-11|12-10] 00 |6 |12 |15 |5 |14 | 22| 7 |4|75|83|0| 0 |0-0]0|0-0]|6]|14| 1.075
7 9 | 8| 6 |14-8|0-11|12-10] 0-0 |6 |12 |15 |5 |14 | 22| 7 |4 7 |83|0| 0 |0-0]0]|0-0]|6 14| 1.075
8 [|95|8]| 6 |[14-8|0-11|12-10f 0-0 (7|16 |12 | 5|14 | 22| 7 |4|65|84|0| O [0-0|0|0-0|6|14] 1.115
9 10| 8| 6 |14-8(0-11({12-10f 0-0 (7 [ 14 [ 13 (S5 [ 13 [ 24| 7 [S5| 9 [85[0| O [0-O0[O0[0-0f6 [14| 1.156
10 |10 | 9| 7 |154|13|12-10] 00 | 7|14 |13 5|13 | 24| 7 |5 85(0| 0 [0-0[0|0-0f6|[14] 1.156
11 1019 7 | 15-4(1-3(12-10f 0-0 (7 [ 14 [ 13 (S5 |[ 13 [ 24| 7 [S5|[75(85[0| O [0-O0[O0[0-0f6 [14| 1.156
12 ||10.5| 9| 7 |154|13|12-10) 00 | 7|13 |14 |5|12 | 26| 7 |5]65|86|0| 0 |0-0/0]|0-0|6]|14) 1.197
13 |[10.5| 9 |6.5|15-4|1-3|12-10) 0-0 | 7|13 |14 |5|12 | 26| 7 |5]|75|86|0| 0 |0-0|/0]|0-0|6]|14)] 1.197
14 10.5| 9 |6.5|15-4|1-3|12-10) 0-0 | 7|13 |14 | 5|12 | 26| 7 |5]65|86|0| 0 |0-0|0]|0-0|6]|14) 1.197
15 |11 ]19|65|154| 131210 00 | 7|12 |15 |6 |16 | 20| 7 |6 8 |87]|0| O |0-0|0]|0-0]|6]|14) 1.237
20 |[13.5( 9| 6 [15-5|1-3|12-11] 12-3 |6 | 13 | 24 |6 | 12| 26 |7.5| 6 90 0| O [0-0[O0|0-0f6 [14] 1.469
25 |[ 15 (11 6.5(16-2|1-7|13-0| 123 | 7|16 |20 |7 |14 |22 8 | 7| 7 |9-3]0| 0 |0-0|]0]0-0]7]|14)] 1.621
30 [(17.5(11| 6 [16-3|1-7|13-1( 12-3 |7 |12 |26 |8 | 14 |22 |85 |7 |7.5[9-8[0| O [0-0[O0[0-0f7 [14] 1.858
35 || 19 (11| & [16-4|1-7|13-2( 12-3 |8 | 13 |24 |8 | 13 [ 24| 9 [7[65(9-11[ 0| O [0-0[O0[0-0 8 [14| 2.014
40 |[21.5({11| 5 [16-6|1-7|13-4| 12-3 19|14 122|913 | 24|10 | 7] 7 |10-4/0| O |0-0|0]0-0]|8]|14| 2.288
45 |[23.5(11| 5 [16-7|1-7|13-5| 12-3 |9 | 12|26 |9 ]| 12 | 26 ||10.5] 7 10-8/ 0| O |0-0| 0|0-0]9 |14 2.491
50 (|25.5(11| & [16-8|1-7|13-6( 12-3 [10| 13 | 24 |[10| 13 | 24 || 11 | 8 [6.5|11-0/ 0| O [0-0| 0 |0-0| 9 |[14] 2.695
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12' CLEAR SPAN BY 8' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 95(8|6.5(14-10|0-11|13-0( 12-3 [ 8| 12 | 13 | 5|14 | 22| 8 [4| 10 [8-2|4 | 10 [2-5[0[0-0|6 [16] 1.218
2 |[10.5(9 | 7 [156]|1-3|13-0| 00 | 7|13 |14 |5]|13 24| 8 |4] 9 |83|4| 9 |2-7)/0]0-0]|6]16 1.3
3 9 | 8| 6 |14-10/0-11|13-0|] 00 | 7|16 |12 | 5|14 | 22| 8 |4)|85|81]|14|85]|24|0]0-0]|6]|16| 1177
4 9 | 8|6.5|14-10/0-11|13-0| 0-0 | 7|16 |12 | 5|14 | 22| 8 |4 8-114| 8 [2-4|0|0-0|6 [16] 1.177
5 9 | 8|6.5|14-10/0-11|13-0|] 00 | 7|16 |12 | 5|14 | 22| 8 | 4 8-11| 4 2-4101]0-0]|6 (16| 1177
6 9 | 8| 6 |14-10/0-11|13-0|] 00 | 7|16 |12 | 5|14 | 22| 8 |4]|65|81]14|65|24|0]0-0]|6]|16| 1177
7 9 | 8| 6 |14-10/0-11|13-0| 00 | 7|16 |12 | 5|14 | 22| 8 |4]|65|81]14|65]|24|0]0-0]|6]|16| 1177
8 [958 6 [14-10{0-11|13-0( O0-0 (7|14 [ 13 |5 14 [ 22| 8 [S5| 9 [82[5| 9 [2-5[{0([0-0|6 [16] 1.218
9 10| 8| 6 |14-10{0-11{13-0f 0-0 (7 [ 14 [ 13 [S5[ 13 [ 24| 8 [S5| 8 [8-25| 8 [2-6[0[0-0f6 [16| 1.259
10 |10 |9 7 |156|1-3|13-0] 00 | 7|14 |13 5|13 | 24| 8 |5|75|82|5|75|26|0]0-0]|6]16) 1.259
11 105 9| 7 |156|1-3|13-0] 00 | 7|13 |14 |5|12 | 26| 8 |5]|65|83|5|65|2-7,0]0-0|6]16 1.3
12 ||10.5| 9 |6.5|156|1-3|13-0] 00 | 7|13 |14 |5|12 | 26| 8 |5]| 6 |83|5| 6 |2-7,0]0-0|6]16 1.3
13 ||10.5| 9 |6.5|156|1-3|13-0] 00 | 7|13 |14 |5|12 | 26| 8 |5]|65|83|5|65|2-7,0]|0-0|6]16 1.3
14 10.5| 9 |6.5|156|1-3|13-0] 00 | 7|12 |15 |5 12| 26| 8 |5]| 6 |83|5| 6 |2-7,0]0-0|6]16 1.3
15 | 11]19|65|156|1-3|13-0] 00 | 7|12 |15 |6 |16 | 20| 8 |6 8 |83|6| 8 |2-8|0]|0-0|6]16) 1.342
20 |[13.5({10 7 (15-10/1-5|13-0| 12-3 |6 |13 |24 |6 |12 | 26| 8 |7]|] 6 |86|6| 6 |3-1]10]0-0|7]|16| 1.547
25 |[15.5(11| 7 [16-4|1-7|13-2| 123 |7 |14 122 | 7|13 | 24| 9 |7]65|88|6|65]|3-5|,0]0-0]|7]16) 1.778
30 [(17.5(11| 6 [16-5|1-7|13-3[ 12-3 |7 |12 | 26 |8 | 14 | 22 ||95|7|65(89|6[65[3-9[0([0-0(8[16] 1.978
35 || 19 (11| & [16-6|1-7|13-4( 12-3 | 8| 13 |24 |8 | 13 |24 |10 |8 |7.5(8-11| 7 |[7.5[4-0[0[0-0( 8 [16] 2.139
40 |[21.5({11| & [16-7|1-7|13-5| 12-3 19|14 122|913 | 24|105/8]| 6 |9-2|7| 6 |4-5|,0]0-0|8]|16| 2.386
45 |[23.5(11| 5 [16-9|1-7|13-7| 12-3 19| 12126 |9 12| 26 ||11.5/8]6.5]|9-3|7165]4-9|0]0-0]|9]16 2.63
50 ([|25.5(11| & [16-10] 1-7 |13-8| 12-3 |10| 13 | 24 |[10| 13 | 24 || 12 | 8| 6 |96]|7 | 6 |51|5]|7-4]9 |32 2.84
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12' CLEAR SPAN BY 9' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR

s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE

812 2 | ale| 2 |8[8|2|8]T]8 822|822 (N2 |y E|SueErs

%) % - - n % % n % 2 %) % w %) % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 95(8(65(15-0]|0-11113-2( 12-3 [ 8| 12 |13 | 5|13 |24 || 9 [4[85[9-2|4|85[2-5[{0([0-0[6[18]] 1.333
2 |[10.5(9 | 7 [15-8]1-3|13-2| 0-0 |7 ]|13 |14 |5|12 26| 9 |4|75]|9-3|4|75]|2-7|)0]0-0]|6]18| 1.417
3 9 | 8| 6 |15-0|0-11|13-2| 00 | 7|16 |12 |5 |14 |22 9 |4|75]|91]14|75]|24|0]0-0]|6]18| 1.292
4 9 | 8]6.5|15-0|0-11|13-2| 00 | 7|16 |12 |5 |14 |22 9 |4 7 |91]14| 7 |2-4|0]0-0]|6]|18| 1.292
5 9 | 8|6.5|15-0|0-11|13-2| 00 | 7|16 |12 |5 14|22 9 |4]|165]|91]14|65]|24|0]0-0]|6]18| 1.292
6 9 | 8| 6 |15-0|0-11|13-2] 00 | 7|16 |12 |5 14|22 9 |4 6 |91]4]| 6 |24|0]0-0]|6]|18| 1.292
7 [|9518]|65|15-0|0-11}13-2( 0-0 (7|14 [ 13 [S5|[ 13 [ 24| 9 [5[85(|9-2(5([85[2-5[{0([0-0f6([18|f 1.333
8 [958 6 [15-0|0-11{13-2( 0-0 (7|14 [ 13 [5|[13 [ 24| 9 [S5| 8 [9-2(5| 8 [2-5[{0([0-0|6 [18|f 1.333
9 10|18 6 |15-0(0-11{13-2| 0-0 (7 [ 14 [ 13 (&5 13 [ 24| 9 [&5| 7 [9-2|5| 7 [26[0|[0-0(6 18 1.375
10 |10 | 9| 7 |15-8|13|13-2] 00 | 7|14 113|513 |24 9 |5]165]|92|5|65|26|0|0-0]|6]/|18| 1.375
11 ||10.51 9| 7 |15-8|1-3|13-2| 00 | 7|13 |14 |5|12 |26 9 |5 6 |93|5| 6 |2-7|0]0-0|7 (18| 1.417
12 ||10.5| 9|6.5|15-8|1-3|13-2| 00 | 7|13 |14 |5|12 | 26| 9 |6 8 |93|6]| 8 |2-7|0]0-0|7 (18| 1.417
13 ||10.5| 9|6.5|15-8|1-3|13-2| 00 | 7|13 |14 |5|12 |26 9 |5 6 |93|5| 6 |2-7|,0]0-0|7 (18| 1.417
14 11 19(65|15-8|13|13-2| 00 | 7|12 |15 |6 |16 | 20| 9 |6 8 |9-3|6| 8 |2-8|0]|0-0|7]|18) 1.458
15 1119 6 |158|13|13-2] 00 | 7|12 |15 |6 |16 | 20| 9 |6]|75|9-3|6|75|28|0]|0-0]|7]18| 1.458
20 |[13.5({10f 7 [16-0|1-5|13-2| 12-3 |6 |13 |24 |6 |12 |26 9 |7] 6 |96]|6| 6 |3-1]0]0-0|7]18| 1.667
25 |[15.5(11| 7 [16-5|1-7|13-3| 123 |7 |14 122 | 7|13 |1 24)|95|8] 6 |98|7| 6 |3-5/0]0-0]|7]18| 1.869
30 [(17.5(11| 6 [16-7|1-7|13-5( 12-3 | 7| 12| 26 | 8| 14 | 22 ||10.5] 8 9-9 |7 3-9(0([0-0f8([18]f 2.111
35 [[19.5(11 55 (16-8|1-7|13-6( 12-3 |8 | 13 |24 |8 | 12| 26| 11 |8 |65[9-0[7[65[4-1[0[0-08[18] 2.319
40 |[21.5({11| 5 [16-10/ 1-7|13-8| 12-3 |9 | 14122 | 9|13 | 24|12 |8]6.5|10-2]7|6.5]|4-5|5]|8-4]|9]|36| 2.568
45 |[23.5(11| 5 [16-11]1-7|13-9| 12-3 | 9| 12 | 26 |10]| 14 | 22 ||12.5| 9| 7.5|10-3|1 8 | 7.5]|14-9|5|8-4| 9 |36| 2.781
50 ([|25.5(11 17-111-7 |13-11] 12-3 |10| 13 | 24 |10| 13 | 24 ||13.5|/8 | 6 |106| 7| 6 |5-1|5|8-4|10|36) 3.037
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12' CLEAR SPAN BY 10' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR . 12 - - . ? m CONCRETE
812 2| ale| 2 |8[8|2|8]T]8 822|822 (8|2 |y]|E|SueErs
%) % - - n % % %) % 2 %) % w %) % W %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 95(8(65(15-2|0-11|13-4( 12-3 [ 8| 12 | 13 | 5|13 |24 || 10 |4 |7.5(10-2[ 4 |7.5|2-5[0[0-0| 7 [20| 1.461
2 |[10.5( 9| 7 (15-10/1-3 13-4 0-0 | 7|13 |14 |5| 12| 26| 10| 4|6.5]|10-3]4|6.5|2-7|0|0-0|7 |20 1.545
3 9 | 8| 6 |15-2|0-11|13-4| 00 | 7|16 |12 | 5|14 | 22| 10| 4]|65|10-114|65]|2-4|0]0-0]|7]20| 1.419
4 9 | 8|6.5]|15-2|0-11|13-4| 00 | 7|16 |12 | 5|14 | 22|10 |4 ]| 6 |10-114 | 6 |2-4|0]0-0| 7 ]20| 1.419
5 9 | 8|6.5|15-2|0-11|13-4| 00 | 7|16 |12 | 5|14 | 22|10 |5 9 |10-1]5| 9 |2-4|0]0-0]|7]20) 1.419
6 9 | 8| 6 |15-2|0-11|13-4| 00 | 7|16 |12 | 5|14 | 22|10 |5 8 |10-1]15| 8 |2-4|0]0-0|7]20| 1.419
7 (958 6 [15-2|0-11{13-4| 0-0 (7|14 [ 13 |5 13 [ 24|10 |5 |7.5(10-2( 5 |7.5[2-5[0([0-0 7 (20| 1.461
8 [958 6 |[15-2|0-11{13-4| 0-0 (7|14 [ 13 |5 13 [ 24|10 |S5| 7 [(10-2[ 5| 7 [2-5[0[0-0| 7 (20| 1.461
9 10| 8| 6 |15-2(0-11{13-4| 0-0 (7|14 [ 13 [S5|[ 13 [ 24|10 (5 [6.5(10-2[ 5[6.5[2-6[0([0-0(7 (20| 1.503
10 |10 |9 7 |15-10)1-3|13-4| 00 | 7|14 |13 5|13 | 24|10 |5 6 |10-2|/5| 6 |26|0]0-0|7]20) 1.503
11 J|10.5| 9| 7 |15-1011-3|13-4| 00 | 7|13 |14 | 5|12 |26 10| 6| 8 |10-3|16| 8 |2-7|0|0-0| 7 20| 1.545
12 ||10.5| 9 | 6.5 |15-101 1-3|13-4| 00 | 7|13 |14 |5 12| 26|10 |6 |7.5|10-316|7.5|2-7|10]|0-0|7 20| 1.545
13 ||10.5] 9 | 6.5 |15-101 1-3|13-4| 00 | 7|12 |15 |5 |12 |26 10| 6| 8 |10-3|16| 8 |2-7|10|0-0|7 20| 1.545
14 | 11 1]19|6.5|15-1011-3|13-4| 00 | 7|12 |15 |6 |16 | 20|10 |6 | 7 |10-3|6| 7 |2-8|0]0-0|7|20) 1.587
15 |11 19| 6 |15-1011-3|134| 00 | 7|12 |15 |6 |16 | 20| 10 |6 |6.5|10-316|6.5|2-8|0]|0-0|7]20) 1.587
20 |[13.5(10({6.5(16-2|1-5|13-4| 12-3 |6 |13 |24 |6| 12| 26| 10 |8 |7.5|10-6]7|75]3-1]10]0-0]|7]20) 1.798
25 |[15.5(11[6.5(16-7|1-7|13-5| 123 | 7| 14 |1 22 | 7| 13 | 24 |10.5/ 8| 6 |10-8/ 7| 6 |3-5|0]0-0| 8 |20| 2.006
30 [(17.5(1155(16-9|1-7|13-7 12-3 |7 | 12 | 26 | 8| 14 | 22 |[11.5]{ 9 | 7.5(10-9[ 8 [ 7.5[3-9| 0 [0-0 [ 8 [20| 2.256
35 [[19.5(11| & [16-11]1-7|13-9( 12-3 [ 8| 13 | 24 | 8| 12 | 26 |[12.5] 8 [ 6.5 [10-0f 7 [ 6.5[4-1| 5[ 9-4 [ 9 [40 2.51
40 | 22 (11 5.5 (171 1-7|13-11] 12-3 | 9| 13 |1 24 | 9| 13 | 24 ||135/8 | 6 |11-2] 7| 6 |4-6|5]|9-4|9|40| 2.813
45 |[ 24 (11 5.5 (17-2|1-7|14-0| 12-3 |10| 14 | 22 |10| 14 | 22 || 14 | 9| 7 |11-41 8| 7 |4-101 5] 9-4 |10]|40| 3.032
50 || 26 (11|55 ([17-4|1-7|14-2| 12-3 |10]| 13 | 24 |10] 12 | 26 || 15 | 9 11-6| 8 5-2 5 [9-4(10(40| 3.298
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12' CLEAR SPAN BY 11' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 95(8|65(15-4|0-11|13-6( 12-3 [ 8| 12 | 13 | 5|13 |24 || 11 |4 | 7 (11-2[ 4| 7 [2-5[0[0-0| 7 [22| 1.601
2 |[10.5(9( 7 [16-0]1-3|13-6| 00 | 7|13 |14 |5]|12 26|11 |4]| 6 |11-3|14 | 6 |2-7|0]0-0|7 (22| 1.686
3 9 | 8| 6 |154]|0-11|136| 00 | 7|16 |12 |5 |14 | 22|11 |5 9 |[111]15| 9 |2-4|0]0-0]|7]22| 1.558
4 9 |8|6.5|15-4|0-11|136| 00 | 7|16 |12 |5 14 | 22|11 |5]|85|11-115|85|2-4|0]0-0]|7]22| 1.558
5 9 | 8|6.5|154|0-11|136| 00 | 7|16 |12 |5 14| 22|11 |5 8 |[11-115| 8 |2-4|0]0-0]|7|22| 1.558
6 9 | 8| 6 |154]|0-11|136| 00 | 7|16 |12 |5 |14 | 22|11 |5 7 |[11-1]15| 7 |2-4|10]0-0]|7]22| 1.558
7 [958 6 |15-4|0-11|13-6( 0-0 (7|14 [ 13 |5 13 [ 24| 11 [S5[65(11-2[5[65[2-5[0([0-0|7 22| 1.601
8 [958 6 |15-4|0-11|13-6( 0-0 (7|14 [ 13 |5 13 [ 24|11 |[S5| 6 (11-2[ 5| 6 [2-5[0[0-0| 7 (22| 1.601
9 10| 8| 6 |15-4(0-11{13-6| 0-0 (7 [ 13|14 (S5 |[ 13 [ 24|11 |6 8 [11-2[ 6| 8 [2-6[ 0 [0-0( 7 (22| 1.644
10 (10 |9 7 |16-0|1-3|136| 00 | 7|13 |14 |5 13 | 24|11 |6 |75|11-2]16|75]|26|0]|0-0|7]22| 1.644
11 ||10.5{ 9| 7 |16-0|1-3|136| 00 | 7|13 |14 |5 |12 | 26|11 |6 7 |11-3|6 | 7 |2-7|10]0-0|7|22| 1.686
12 ||10.5|9|6.5|16-0|1-3|136| 00 | 7|13 |14 5|12 | 26| 11 |6]|6.5|11-3]/6|65|2-7|0]0-0]|7 (22| 1.686
13 ||10.5| 9|6.5|16-0|1-3|136| 00 | 7|12 |15 |6 |16 | 20|11 |6 7 |11-3|6 | 7 |2-7|10]0-0|7|22| 1.686
14 11 19|6.5|16-0|1-3|136| 00 |8|16 |12 |6 |16 | 20| 11 |6 ]|6.5|11-3]16|6.5]|2-8|0]|0-0|7]22| 1.729
15 1119 6 |16-0|11-3|136| 00 |8|16 |12 |6 |16 | 20|11 |6 6 |11-3|]6| 6 |2-8|0]0-0|7|22| 1.729
20 |[13.5(10[{6.5|(16-4|1-5|136| 12-3 |6 |13 |24 |6 |12 |26 || 11 |8 7 |11-6] 7| 7 |3-1]10]0-0]|8|22| 1.942
25 |[15.5(11[6.5(16-9|1-7|13-7| 123 | 7|14 | 22 | 7|13 | 24 |11.5/9| 7 |11-8/ 8| 7 |3-5|0]0-0]|8|22|| 2.155
30 (17.5({11| 5.5 (16-11] 1-7 |13-9( 12-3 [ 8 | 16 | 20 | 8 | 14 | 22 |[12.5] 9 [ 6.5 [11-9[ 8 [ 6.5 [ 3-9 | 5 [10-4[ O (44| 2.414
35 [[19.5(11 & [17-1]|1-7 |13-11[ 12-3 | 8 | 12 | 26 | 8 | 12 | 26 |[13.5] 9 | 7.5 [11-0[ 8 [ 7.5 [ 4-1 | 5 [10-4[ O [44| 2.676
40 | 22 (11| & [17-3|1-7|14-1| 12-3 19|13 124 | 9| 13 | 24 ||145| 9| 7 |12-21 8| 7 |4-6| 5 |10-4|10]|44| 2.987
45 |[ 24 (11| S [17-5|1-7|14-3| 12-3 |10| 14 | 22 |10]| 14 | 22 ||16.5| 9| 7 |12-41 8 | 7 |4-10| 5 |10-4|10]|44| 3.258
50 || 26 (11| & [17-7|1-7|14-5( 12-3 [10| 12 | 26 [10| 12 | 26 |[16.5] 9 | 6.5 [12-6] 8 [ 6.5 | 5-2 | 5 [10-4[11[44| 3.533
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12' CLEAR SPAN BY 12' CLEAR HEIGHT
a, BAR a; BAR h; BAR v4 BAR v, BAR h, BAR
s 0 ,15 DIMENSION ZE thR N LZD |, VgBAR 5 12 - - : ? m CONCRETE
812 2 | ale| 2 |8[3|2|8]8]8 M2 2|82 |2 (8] 2 |y]|E|Suers
%) % - - n % % %) % 2 %) % w n % w %) W %) % u. FSt per
Ft. In. In. | Ft-In. |Ft.-In.| Ft.-In. | Ft.-In. In. In. In. In. | Ft.-In. In. [Ft.-In. Ft.-In.
1 95(8(65(156|0-11|13-8( 12-3 [ 8| 12 | 13 | 5|13 |24 |12 [ 5| 9 [(12-2[ 5| 9 [2-5| 5 [11-4[ 7 [48| 1.753
2 |[10.5(9 | 7 [16-2]1-3|13-8| 0-0 | 7|13 |14 |5 12|26 |12 |5]| 8 |12-3]1 5| 8 |2-7|5|11-4| 7 |48 1.84
3 9 | 8| 6 |156|0-11|13-8| 00 | 7|14 |13 | 5|14 | 22|12 |5 8 |12-11 5| 8 |2-4|5|11-4| 7 |48 1.71
4 9 | 8[6.5|15-6|0-11|13-8| 0-0 | 7|14 |13 | 5|14 | 22|12 |5|75|12-115|7.5]|2-4|5|11-4| 7 |48 1.71
5 9 | 8(65|156|0-11|13-8| 00 | 7|14 |13 |5 |14 | 22|12 |5 7 12115 | 7 |2-4|5|11-4| 7 |48 1.71
6 9 | 8| 6 |156|0-11|13-8| 00 | 7|14 |13 |5 14| 22|12 |5]|65|12-115|6.5]|2-4|5|11-4|7 |48 1.71
7 [958 6 [15-6|0-11|13-8 0-0 (7|14 [ 13 [5|13 |24 |12 |S5| 6 [12-2[ 5| 6 [2-5| 5 (11-4| 7 [48| 1.753
8 [958 6 |[15-6|0-11|13-8( 0-0 (7|14 (13 [5|13 |24 |12 |6 | 8 [(12-2[ 6| 8 [2-5| 5 (11-4| 7 [48| 1.753
9 10| 8| 6 |15-6(0-11{13-8| 0-0 (7 [ 13|14 (S| 12|26 | 12 |6 | 7.5(12-2[ 6 |7.5[2-6|5 [11-4 7 (48| 1.796
10 (10 |9 7 |16-2|1-3|13-8] 00 | 7|13 |14 |5|12 | 26|12 |6 | 7 |12-2|6 | 7 |2-6|5|11-4|7 |48| 1.796
11 J|10.5| 9| 7 |16-2|1-3|13-8] 00 | 7|12 |15 |5 12 | 26| 12 |6]|6.5|12-3|16|6.5|2-7|5|11-4| 7 |48 1.84
12 ||10.5| 9 |6.5|16-2|1-3|13-8] 00 | 7|12 |15 |5 12| 26|12 |6]| 6 |12-3|6| 6 |2-7|5|11-4| 7 |48 1.84
13 ||10.5| 9 |6.5|16-2|1-3|13-8] 00 | 7|12 |15 |6 |16 | 20| 12 |6 |6.5|12-3|16|6.5]|2-7|5|11-4| 8 |48 1.84
14 11 19|6.5|16-2|1-3|13-8] 00 |8| 14|13 |6 |16 | 20|12 |6 | 6 |12-3|6| 6 |2-8|5|11-4| 8 |48| 1.883
15 | 1119| 6 |16-2|1-3|13-8] 00 |8| 14|13 |6 |16 | 20|12 |7 |7.5|12-3|16|7.5]|2-8|5|11-4| 8 |48| 1.883
20 |[13.5(10f 6 [16-6|1-5|13-8| 12-3 |6 |12 |26 |6 |12 | 26|12 |8 7 |12-6] 7| 7 |3-1|5|11-4| 8 |48]| 2.099
25 |[16 (11| 7 [17-0|1-7|13-10] 12-3 | 7|13 |1 24 | 7|12 | 26|13 |8 6 |12-8/ 7| 6 |3-6|5|11-4| 8 |48]| 2.406
30 (| 18 (11| 6 [17-2|1-7]|14-0( 12-3 [ 8| 14 | 22 |8 | 13 |24 |14 |9 | 7 [12-1] 8 | 7 [3-10| 5 [11-4[ O [48| 2.674
35 [[19.5(11| & [17-4|1-7]|14-2( 12-3 |8 | 12 | 26 |8 | 12 |26 || 15 |9 | 7 [12-0{ 8| 7 [4-1| 5 [11-4[10[48| 2.901
40 | 22 (11| & (176 1-7|14-4| 123 19|13 124|912 | 26| 16 |9]16.5|13-21/8|6.5]|4-6|5|11-4|10]|48| 3.222
45 | 24 (11| 5 [17-8|1-7|14-6| 12-3 |10| 14 | 22 |10| 13 | 24 || 17 | 91 6.5 |13-4] 8 | 6.5 |4-10| 5 |11-4|11]48]| 3.503
50 || 26 (11| & ([17-10] 1-7 | 14-8( 12-3 [10| 12 | 26 [10| 12 | 26 || 18 | 9 | 6.5 [13-6[ 8 [ 6.5 | 5-2 | 5 [11-4[11[48| 3.787
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2.3 Precast
Concrete Box
Culverts

2.3.1 General

2.3.2 Design

Apr. 98

One advantage of precast culverts is the economy that results from the
duplication of forms, elimination of most falsework and the need for only a small
construction crew. Precast construction is particularly convenient in places
where labor and material are notreadily available. Use of precast units allows
rapid repair or replacement of existing structures without long, inconvenient
detours and with minimum interference to traffic. Precasting in a central plant
provides more uniform control and better quality concrete.

Precast boxes may be manufactured using conventional structural concrete
and forms (formed) or with dry concrete and vibrating form pipe making methods
(machine-made). Standard sizes and dimensions are shown in AASHTO
Materials Specifications M 259 (ASTM C 789) and M 273 (ASTM C 850).

Precast boxes are designed using the Load Factor method according to the
AASHTO Specifications. The design stresses are as follows:

f'c= 5,000 psi
fy =65,000 psi (welded wire fabric)

The designs given in the tables of AASHTO M 259 (ASTM C 789) and M 273
(ASTM C 850) are determined by the shear strength of the box sections without
the use of special shear reinforcement. Special designs for sizes and loads
other than those shownin AASHTO M 259 and M 273 may be allowed subject
to the approval of the Bureau of Bridges and Structures. Availability of these
special sections should also be verified with the lllinois Concrete Pipe
Association.

The contract plans for precast concrete box culverts should indicate the
appropriate specification according to the guidelines below. These guidelines
should also be followed when determining the appropriate specification if a
contractor elects to use precast box sections for a culvert detailed in the plans
as cast-in-place:
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1. Ifthe depth of fill at the edge of shoulder is less than 2 feet, the entire
precast box shall conform to the requirements of AASHTO M 273.

2. Ifthe depth of fill at the edge of shoulder is greater than or equal to 2
feet, the entire precast box shall conform to the requirements of
AASHTO M 259.

3. Culvertextensions shall also conform to the provisions stated in 1 and
2 above.

4. Precast end sections shall conform to the same specifications as the
adjacent box section.

Precast box culvert designs must provide hydraulic equivalence to conven-
tional cast-in-place designs. This may occasionally require a larger precast
culvertsize tocompensate for the additional inlet losses and the adjustment to
standard sizes.

2.3.3 Applications Depending upon the requirements of the project, the precast culvert can be a
single cell or multi-cell construction. When multi-cell boxes are used, a 3inch
space shall be provided between adjacent precast sections. The decision to
substitute a precast culvert for cast-in-place type construction should be
arrived at only after making a careful avaluation of the site to determine its
suitability for this type of construction.

Itshould be noted that precast concrete culverts are not suitable in areas which
are subject to flooding or in areas with highly scourable flow line soils such as
silt and fine sand. Also, since precast concrete segments do not lend
themselvesto cambering (providing a collar around every jointis not practical),
this type of construction cannot be considered in soils which are susceptible
to excessive settlements. The use of precast concrete box culverts under the
following conditions is not recommended and the Bureau of Bridges and
Structures shall be consulted before use:

1. Special designs such as "imperfect trench" and when set directly on
rock.
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2. Conditions where pile foundations would be required.
3. Locations with an Acceleration Coefficient A>0.19 as defined in the
AASHTO Standard Specifications for Highway Bridges.

Geometric limitations on the use of precast culverts include a maximum skew
of 60 degrees and a maximum cell span and rise of 12 feet. Aminimum cover
of 6 inches, measured at the edge of the shoulder, is also required. Plans
prepared for cast-in-place culverts to be constructed under any of the
conditions above which preclude the use of precast culverts should contain the
note "Precast culvert alternate is not allowed".

Shop plans for precast concrete box culvert sections, precast or cast-in-place
end sections and cast-in-place collars shall be submitted by the Contractor to
the District Office according to the applicable requirements of Article 504.04(a)
of the Standard Specifications. Typical shop plan details and notes for precast
concrete box culverts manufactured by a precaster are shown in Figures
2.3.3-1through 2.3.3-4.
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See Detail A
See Detail B
) Ep—t——
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25'@ Holes for lifting

_device (Top s/ali only)

a9___ 1

— e — — —

PLAN

Location of lifting holes may be
varied as needed to clear reinf.
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ELEVATION

N
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2// 2//
— [——— rzzz —— [———
WY a 1’ <
VIEN 1 -~ iy BN
I e Uy < {
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2// 1,, 2//
—— [—— — [——
End detail is subject to
variation by fabricator.
DETAIL A DETAIL B

Note: Inlet and outlet ends shall be compatible.

Asl

(Typ. Inlet End)

(Typ. Outlet End)

Top Distribution

Reinforcement As6
Bottom Distribution
Reinforcement As5

CROSS SECTION

1’" Chamfer or ™\

_{.

2’ Radius (Typ.)

PRECAST BOX CULVERT
SHOP DRAWING DETAILS FOR
FILL < 2.0 ft. ; AASHTO M 273
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GENERAL NOTES

Precast Concrete Box Culvert sections shall conform
to the requirements of Article 540.06 of the Standard
Specifications and the applicable requirements of
AASHTO M 273.

The minimum concrete strength shall be 5,000 psi.

Reinforcement bars shall conform to the requirements
of AASHTO M 31, M 42, or M 53 Grade 60.

Lifting holes shall be filled with concrete plugs and
mastic after box sections are in place.

FILL < 2.0 ft. ; TABLE
REQUIRED AASHTO STEEL AREAS (in/f1.)

As] - A55
AsZ - A56
A.s3 - A.s?
A.s4 - AsB
RE INFORCEMENT PROVIDED AREA
(in2/ft.)
Ag X w x W =
Aso X w x W =
Ags X w x W =
Agsq provided by Asez and Assz
AsS =
AsS =
Ags7 provided by Ag
Agsg provided by Ag;
BILL OF MATERIAL
ITEM UNIT TOTAL
Precast Concrete Box Ft
Culvert X :
CONTRACT COUNTY
ROUTE SECTION
SPAN X RISE ;s STATION

PRECAST BOX CULVERT
SHOP DRAWING NOTES FOR
FILL < 2.0 ft. ; AASHTO M 273

Figure 2.3.3-2
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See Detail A
Cf See Detail B " . 27 |-
_——d
DL . o 1//

N —] |- N
- ———— 44
| $ :; ( ’ 24 (£4 77 $ “ ‘
17- 0/} i ]——-| n— >
I 2@'@ Holes for lifting . r

device (Top slab only) ” ” ,
|_ _i. - End detail is subject to
variation by fabricator.
I_ —_— e — — —
1l DETAIL A DETAIL B
(Typ. Inlet End) (Typ. QOutlet End)
PL AN yp yp

Note: Inlet and outlet ends shall be compatible.

Location of lifting holes may be
varied as needed to clear reinf.

2 77
Min.

TYP. FABRIC LAP

N Asl
o)
== 5 j
T 1’ Chamfer or
ELEVATION 2 Radius (Typ.)

CROSS SECTION

PRECAST BOX CULVERT
SHOP DRAWING DETAILS FOR
FILL = 2.0 ft. ; AASHTO M 259

Figure 2.3.3-3
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GENERAL NOTES

Precast Concrete Box Culvert sections shall conform
to the requirements of Article 540.06 of the Standard
Specifications and the applicable requirements of
AASHTO M 259.

The minimum concrete strength shall be 5,000 psi.

Lifting holes shall be filled with concrete plugs and
mastic after box sections are in place.

FILL = ft. : TABLE

REQUIRED AASHTO STEEL AREAS (iné/f1.)

AsI
As2
As3
Asq
RE INFORCEMENT PROVIDED AREA
(in/ft.)
Ag X w x W =
Aso X w x W =
Ass X w x W =
Asq4 provided by Asz and Agsz
BILL OF MATERIAL
ITEM UNIT TOTAL
Precast Concrete Box
Ft.
Culvert X
CONTRACT COUNTY
ROUTE SECTION
SPAN X RISE : STATION

PRECAST BOX CULVERT
SHOP DRAWING NOTES FOR
FILL = 2.0 fl. ; AASHTO M 259

Figure 2.3.3-4
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2.3.4 End Sections

Page 2-88

Figures 2.3.4-1and 2.3.4-2 showthe acceptable types of end sections that can
be used for a precast box culvert. End sections may either be precast, if
hydraulically acceptable, or cast-in-place.

When a precastbox culvertis builtas an alternate to a culvert detailed as cast-
in-place inthe plans, cast-in-place apron end sections or precast end sections
may be used in lieu of the wingwalls detailed for the cast-in-place box
culvert. The pay limits for the precast box sections and end sections are
shown in Figures 2.3.4-1 and 2.3.4-2 for culverts which are designed and
detailed as precast in the plans. However, the detail showing horizontal
cantileverwingwalls on a precast culvertwith no skew would typically only apply
to a culvert detailed as cast-in-place in the plans but constructed using the
precast alternate. Horizontal cantilever wingwalls are typically not used on
culverts with no skew and detailed as precast in the plans due to the 6 feet of
cast-in-place box that would not be required with another type of end section.

Figures 2.3.4-3 and 2.3.4-4 show typical details of a cast-in-place apron end
section. Figures 2.3.4-5 through 2.3.4-8 show typical shop plan details and
notes for precast end sections manufactured by a precaster.

If the end section for a precast box culvertincludes a cast-in-place section of
box, the cast-in-place portion of the box must be attached to the precast portion.
There are two commonly used methods of attaching a cast-in-place section of
box to a precast section of box. The reinforcement may be extended out of the
last precast section and incorporated into the cast-in-place section. Attach-
ment may also be accomplished by the use of areinforced cast-in-place collar
as shown in Figure 4-8.

Single cell reinforcement details may be used for cast-in-place ends on multi-
cell precast box culverts provided a 1/4" wide by 1" deep saw cutis made over
the center of the interior walls the full length of the cast-in-place portion. One-
half inch PJF shall also be placed in the headwalls at these locations.
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Pay Limit
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—
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Precast Box Culvert Sections End Section

(

Apron
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11_ 0 7
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Cast in place

PRECAST CULVERT
END SECTIONS

Apr. 98

Figure 2.3.4-1
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End Section
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[ 6 X 3 Formed Drain Opening
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Figure 2.3.4-3
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* Cut or bend to fit

L2 ViH)
or F/arrer’_-’é

Precast
Conc. Box
Section

VRN B

- APRON END SECTION
FOR
PRECAST CONCRETE
BOX CULVERT

Figure 2.3.4-4
June 2000
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2// ¢

/ Lifting Hole
pa |
’— 11_ O//

SPAN 1T

*1:2 (V:H)
Slope max.

A
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i

SIDE V[EW 8 l—— T:Q Precast or

M| Field Poured
Toewall

End connection to fit
Precast Box Culvert I
| _(Bell or Spigot may be -0 ND VIEW

omitted when - END IE
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box or headwall)

Top Distribution
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:\l . Bottom Distribution
| Reinforcement As5
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Figure 2.3.4-5
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GENERAL NOTES

Box Culvert End Sections shall conform to the
requirements of Article 540.06 of the Standard
Specifications and the applicable requirements
of AASHTO M 273.

The minimum concrete strength shall be 5,000 psi.

Reinforcement bars shall conform to the requirements
of AASHTO M 31, M 42, or M 53 Grade 60.

Lifting holes shall be filled with concrete plugs and
mastic after box sections are in place.

FILL < 2.0 ft. ; TABLE
REQUIRED AASHTQ STEEL AREAS (in/rt1.)

As] A55

Asz - A56

As3 - A.s?

Asq Ass
RE INFORCEMENT PROVIDED AREA

(in/ft.)
Ag X w x W =
Aso X w x W =
Ags X w x W =
Asq4 provided by Ase and Asz
As5 =
Ass =
Asy provided by Ag;
Asg provided by Ag;
BILL OF MATERIAL
ITEM UNIT TOTAL

Box Culvert End Sections Each
CONTRACT COUNTY
ROUTE SECTION
SPAN X RISE s STATION

PRECAST BOX CULVERT END SECTION
SHOP DRAWING NOTES FOR
FILL < 2.0 ft. ; AASHTO M 273

Figure 2.3.4-6
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GENERAL NOTES

Box Culvert End Sections shall conform to the
requirements of Article 540.06 of the Standard
Specifications and the applicable requirements
of AASHTO M 259.

The minimum concrete strength shall be 5,000 psi.

Lifting holes shall be filled with concrete plugs and
mastic after box sections are in place.

FILL = ft. : TABLE

REQUIRED AASHTO STEEL AREAS (iné/f1.)

AsI

As2

As3

Asq
RE INFORCEMENT PROVIDED AREA

(in2/ft.)

Ag X w x W =
Aso X w x W =
Ass X w x W =
Asq provided by Asz and Agz

BILL OF MATERIAL

ITEM UNIT TOTAL
Box Culvert End Sections Each

CONTRACT COUNTY
ROUTE SECTION
SPAN X RISE ;s STATION

PRECAST BOX CULVERT END SECTION
SHOP DRAWING NOTES FOR
FILL = 2.0 fl. ; AASHTO M 259

Figure 2.3.4-8
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Section 3 Wingwall Design

3.1 General I his section covers criteria, tables and charts for the design of horizontal
and vertical cantilever wingwalls, including the headwalls for box culverts.

3.1.1 Design f' = 3,500 psi
Strength f, =  60,000psi
n = E—S = 9 (used for computing service load requirements)
Cc

Ve = 2,ff.bd

3.1.2 Loading Group | of AASHTO Loading Combination Article 3.22 is applied as follows:
13[D + BeE]
where B = 1.0 for vertical earth loads

and B = 1.3 for lateral earth pressures.

LiveLoads

No liveloads areincludedinthe developmentofthe design tablesinthis section.
Wingwalls built parallel to the centerline of roadway shall be designed for live
load surcharge pressure equal to not less than 2 feet of earth pressure
according to AASHTO Article 3.20.3.

Dead Loads
Concrete =150 pcf
Earth (E) = 120 pcf

The active earth pressure isassumed as an equivalent fluid pressure of 40 pcf

for level fills and increases with the increase in fill height. This is illustrated in
Figures 3.1.2-1 and 3.1.2-2. The height (H) (shown in Figure 3.1.2-1) upon
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which the active earth pressure acts, is computed assuming 1:2 (V:H)
embankment slope perpendicular to the wingwall. This is the basis for the
horizontal wingwall design chart and the vertical (L-Type and T-Type)
wingwall design tables. If a 1:1.5 (V:H) embankment slope is used as

permitted hereinafter, the wingwall design charts and tables are not appli-
cable.
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T /P= 2 x 100 Kyx H = 200 x 0.20H or 40H

/ / Invert Elevation

HORIZONTAL CANTILEVER-LEVEL FILL
Wr
S

= /p= 2 x 100 H(Kn) = 200 H(Kn)

/ / Invert Elevation

HORIZONTAL CANTILEVER-SLOPING SURCHARGE

||
L]

— Py= Total vertical pressure on plane
Py= 100 KyH?

— Py= Total hor/'zo/r]/fa/ pressure on plane
Py= 200 H (KH)Z_ = ]00 KyHE
—P=2 x 100 H (Ky) = 200 H (Ky)

VERTICAL CANTILEVER-SLOPING SURCHARGE

ACTIVE EARTH PRESSURE
ON WINGWALLS

Figure 3.1.2-1
Page 3-3
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3.1.3 Types and Horizontal Cantilever Wingwalls

Applications Shall be used if length of wingwall is equal to or less than 14 feet.*

Vertical Cantilever Wingwalls
Generally to be used when the length of wingwall is greater than 14 feet.
However, ifany individual wing on a culvertis greater than 14 feet, vertical
cantilever wingwalls shall be used for all wingwalls.*

Both L-Type and T-Type vertical cantilever wingwalls are coveredin the tables.
The type selected for use is dependent on the distance from the invert to the
top of headwall, and the distance from the grade line to the invert as indicated
in the following figure:

12 -
o Use T Type Vertical
S~y Cantilever Wingwalls
—~J
i
SR (0]
> ~
S
=29
S
€ 5w
LHw 8
Wy
g S 7
= a
e 6 Use L Type Vertical
3 Cantilever Wingwalls
5
{ . N ?

0 2 4 6 16 18 20 22 24 26 28 30 52 54 56 58

DISTANCE FROM GRADE LINE TO INVERT
(FEET)

*Note: For special situations where soil conditions preclude the use of L-
Type and T-Type wings on spread foundations, special horizontal cantilever
wings may be designed to avoid the use of very long piles and/or seal coats
with cofferdams for T-Type wings. A slope of 1:1.5 (V:H) can be used to
reduce the length of the horizontal cantilever wingwall required; however, this
should only be done in special situations and avoided on high visibility
projects. Approval by the Bureau of Bridges and Structures and the District
Office is required for the use of the steeper slope.
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Culvert Manual Section 3 - Wingwall Design

3.1.4 Limits of Chart for Horizontal Cantilever Wingwalls
Charts and Length of Wingwalls (L) -5'-0"to 14'-0"
Tables ) _ _
Design Height of Wingwalls (h) -3-0"to 10'-0"
Fill - zero to 50'-0"

Tables for Vertical Cantilever Wingwalls
L-Type (Soil conditions permitting)

Stem height (Hg) -3-0"to 8'-0"
Fill - Zero to 50'-0"
Stem height (Hg) -8-6"to 9'-0"
Fill - Zero to 20'-0"
T-Type (Tables apply to spread footings only)
Design height (Hp) -8-6"to 19'-6"
Fill - zero to 50'-0"
3.1.5 Length of The length of the wingwall shall be determined from the chart shown in Figure
Wingwalls 3.1.5-2 to the nearest three inches. The chart shown in Figure 3.1.5-3 is for

slopes of 1:1.5 (V:H) and should only be used under the conditions described
in Section 3.1.3.
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Hi = H+*T+f (Top of Headwall to Invert)
H = Clear Height
T = Thickness of Top Slab
f = Height of Headwall
D - He 6" (Drop of the End of Wingwall below

2 top of Headwall)
Dimension "L" to nearest 3" and "D" to nearest 1"

Example - Beyond the Chart: Given HL= [4’-0"
a=20°-00".
increasing 3.036 /. increase in Hi (14.0-9.0) x

3.036 = 15.18 added to 24.83’ = 40.01 or 40’-0"

2"
Q
f M NS
1 3
[ I X __1
Iz
/—[nverr
S |

U

Note: Use with Chart in Figure 3.1.5-2.

From the chart H = 9°-0" L=24"- 10"

EXAMPLE -
Given H= 8°-0", T= 10", f= 6"
Skew Angle 8 = 20°-00"
HL = 81_0:: " 10:: " 6" = 91_4n

. 902"-201 350, g 90°020%, 550

2
Enter Chart with HL= 9’-4",

AN

Horizontally to
B=55° read "L" vertically below = 10"-9".
Continue horizontally to @=35° read "L"

vertically below = 15°-5" Use I15"-6"
Drop D = %—6" =420
/—/\
6=Skew Angle _90°+@8°
\\\ B==5
3! N
N v \\
o \Q Q
WS

WINGWALL LENGTH

AND DROP
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"Hy "IN FEET

)
13 Qg’i\ﬁﬂ— 4
1
Io'001+
In | . N \
< QQ— 'QQ_ %,,bo 00 >
o'_l ° o’ §
il O T T
4 %/ /, //// L/
0 q /,/'/,/
’/// /
9 / y.d V.
/i }f'//
3 ///x /
0/9/ //h/ /]
7 /A// AN A |/ //
Ay 41' d
) I T
A D
5 //// A LA A
;/c / /, d o '/
4 47,40 e%e% /,/1,/’
T
3 4//, 5/ /: //I
25%9%#% 2Rl
1A T4
2 = h
1
|
1l

1

2 3 4 5 6 7 8 9110 1} 12 13 14 15 16 17 18 19 2021 22 23 24 25

LENGTH OF WALL

L' IN FEET

WINGWALL LENGTH CHART
HORIZONTAL AND VERTICAL
CANTILEVER 1.2 (V:H) SLOPE
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Culvert Manual Section 3 - Wingwall Design

WINGWALL LENGTH CHART
HORIZONTAL AND VERTICAL
CANTILEVER I:1.5 (V:H) SLOPE

Te)
N
¥
W
M
a
N
N
~
o
)
R
2]
Q
S
W
L W
W
Q>
~
Y .
~
B =
~J
o
- =
~
g
N LS O
N
,/ o /1 (¢)) m
l/' // N N o PNU
- W
[ . N N N ~ =
_¥ ,“/H!” “/I /// AN 47///
= ! NN N
= YV_\_ O = SNV N NS N ©
OIS TS E ST IS NN MR ALNA -
ol eog 250 120 <Iso T TS SRR
S 3 III N N,
NN
RN "
\ N
~
3, ] N = m o © N~ W0 0 < M o - o
1334 NI .'H.
Figure 3.1.5-3
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Culvert Manual

Section 3 - Wingwall Design

3.1.6 Dimensions

3.1.7Reinforcement
Design and
Details

Page 3-10

The minimum wall thickness of both the L-Type vertical cantilever and the
horizontal cantilever wingwalls is 8 inches, andincreases inincrements of one
inch. The minimum footing thickness ofthe L-Type vertical cantilever wingwall
is 10 inches and increases in increments of one inch.

The minimum stem thickness of the T-Type vertical cantilever wingwall is 10
inches and increases in increments of 1/2 inch up to 12 inches. No batter is
provided when the stem thickness is equal to or less than 12 inches. The
maximum thickness at the top of the stem is 12 inches. For stems requiring
thicknesses greater than 12 inches at the base, the stem base thickness is
increased inincrements of one inch and batter is provided on the back face (the
face in contact with the earth), while maintaining constant vertical slope.

The minimum spread footing thickness of the T-Type vertical cantilever
wingwall is 18 inches and is increased in increments of 3 inches. In no case
is the spread footing thickness less than the stem thickness at the base plus
3inches.

For pile supported footings on T-Type wingwalls, the minimum thickness shall
be 1'-9" and the pile shall be embedded 12 inches. The front row(s) shall be
batteredifthe piles’ lateral resistance to sliding is notadequate. The maximum
pile spacing shall be as specified in the Bridge Manual Section 3.8, which also
establishes required details and design criteria.

The size and spacing of all main reinforcement is given in the tables, with the
exception of the horizontal cantilever wingwall reinforcement, whichis givenin
achart. Unless otherwise shown in the table, all reinforcement lengths shall
be given on the drawings to the nearest three inches. The minimum bar lap
length shall be as specified in Section 4 and based on the smaller bar size.

Inthe case of the vertical cantilever wingwalls, itis advisable that the designer

draw alarge scale sketch of the wingwall to obtain the length of the top vertical
reinforcement.
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Culvert Manual Section 3 - Wingwall Design

The maximum reinforcement ratio (r ) used in the design of the wingwalls is
limited to approximately one half of 0.75r,, where r, is the balanced

reinforcementratio.

3.1.8 Headwalls Figure 3.1.8-1 givesthe criteria for determining the depth of headwalls. When
the headwalls are far enough removed from the shoulder line so that the slight
variation in the fill slope will not be observed, the headwalls may be built at a
constant depth. If this is not the case, the headwalls should be constructed
paralleltothe grade line and a note should be added to the plans stating "Build
top of headwalls parallel to grade line".

The width of the headwall shall be 12 inches for all wingwall thicknesses, and
shall be reinforced as shown in Figure 3.1.8-2. Stirrup reinforcement #4 bars
at 12 inches on centers, are to be provided in headwalls when the fill height is
less than 2 feet or when the skew angle of the culvert is 30° or greater.

The headwall is reinforced as an edge beam. For fills less than two feet, the
headwall is reinforced to support additional moment due to live load given as
0.10PS (where Pisthe concentrated wheelload plusimpactand S is the design
span). For skewed culverts, the edge beam is reinforced to support that half
of the slab, including one foot of fill, resulting from the skew.

Forfills two feet or more, the headwallis reinforced to supportlive load moment
resulting from one third of the concentrated wheel load, including impact,
distributed uniformly over the middle third of the design span. Thefillloads are
assumed at two feet.

The headwall corner dimensions shown as X, X1 and X, in Figure 3.1.8-3 are
listed in the tables in Figures 3.1.8-4 and 3.1.8-5.

Figure 3.1.8-6 shows an example of typical calculations for determining
headwall corner dimensions.
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Section 3 - Wingwall Design

b g S— -
/V T T A

¢ Roadway —=
12 n

e |-——Shou/der Line
RN

e |

HALF LONGITUDINAL SECTION

b : :

THRU CULVERT WITH EXTENDED BARREL

Note: Dimensions at Rt. angles to ¢ Roadway.

’-— Shoulder Line
Z—‘i——nw—_m

¢ Roadway ——-|

HALF LONGITUDINAL SECTION

I

' |
For fills having a depth at shoulder line of 9" or less,
place headwall at shoulder line. Appropriate measures

must be taken to shield the headwalls when the culvert
terminates within the clear zone.

THRU CULVERT WITH HEADWALL AT SHOULDER LINE

eight of headwall to be equal to

H
depth of fill at shoulder line but not
less than 1’ per foot of clear span.

a:1= roadway embankment slope.
b:1= embankment slope for
Wingwalls, continuous from top
of heaawall to flow line.

b=2 when a=2 or more.

When the earth fill at shoulder
line is 3" greater than height at
headwall, extend the barrel not
less than 6",

* Height of headwall to be equal to
17 per foot of clear span.
Max. height 97
Min. height 67
Use increments of'5”’

Max. height 9"
Min. height 6"
Use increments of'>”

HEIGHT OF HEADWALLS
WHEN LOCATED AT OR OUTSIDE
OF SHOULDER LINES

Page 3-12

Figure 3.1.8-1
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Example: Span= 107-0"; Skew= 35°% Headwall height = 97
(a) Fill= 1’-6"., Enter chart on left side. Use 2-#6 Top & 2-#7 Boltom.
(b) Fill= 3°-0". Enter chart on right side. Use 2-#6 Top & 2-#6 Bottom.
12 n

Top Reinf, W

(2- #6 bars) | — See Figure 3.1.8-1 E
Provide #4 at 12"cts.

stirrups for skews B N

= 30° or fills less e ~
than two feel.

Upstream End Only —— 15" cl.

For Heaawalls of right angle culverts
(Radius= 6") i g g uv

use 2-#6 bars in top and no less
than area of reinf. per ft. provided
by "a," bars in bottom.

Bottom Reinf.
(Min. 2- #6 bars)
For top of bott. slab
use same reinf,

65° A 750
N . ~ \u’l. + %/IO_I:
. N \\ \\ " >§:9 GO_//
60° 3 I S - 70°
< N 5 ] 60 ‘o ]
N \‘ ~’§‘_|_ \0/;_( ] 2
o \\ <3~ -~ ‘9@ )
55 - MR 65
" < >N S ST "
Q\D, s \0// \‘\ N (\D,
= ° > ~ N n o =
< 50 \\ \\ O/ N 60 <t
E N /‘o/)} \‘\ E
X 450 > N ~N 550 N
n ‘\\ ~>§‘€ \\‘ ‘\\ n
:I 00/}‘ :I
S 40° ‘\O\/b - 50° o
NV N
V' 35° n S 45° A
~ N ~
= =
50 NOTE: 2- #6 bars shall be placed in P 40
Top of all headwalls.
25 y 35°
20° 30°
15° o250
5’ 6’ 7’ 8’ 9’ 10’ I 2’

CLEAR SPAN at RIGHT ANGLES to € CULVERT

HEADWALL REINFORCEMENT
FOR SIMPLE SPAN CULVERTS

Figure 3.1.8-2
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Section 3 - Wingwall Design

VERTICAL CANTILEVER

HORIZONTAL CANTILEVER
WINGWALL

WINGWAL L

For Headwall corner dimensions
X, X1 & Xz see Tables in Figures
3.1.8-4 and 3.1.8-5

HEADWALL CORNER
DIMENSIONS

Page 3-14

Figure 3.1.8-3
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HEADWALL CORNER DIMENSIONS

8" Wing - 12" Hawl. -

9" Wing - 12" Hawl. -

10" Wing - 12" Hawl. -

102" Wing - 12" Hawl. -

Skew 4" Offset 3" Offset 2" Offset 2" Offset Stow
X X X2 X X X2 X X X2 X X Xz

0°| 9" | 12" | 1-2" 9" | 1-2 | r-2v 9" | 1-2" | 1-2" 9" | r-1b" | -1 | 0°

5o 9n | 1%t | 12yt || 9n | 11t | 12yt || 9 | 1-r%t | 12kt || 9 | el | 11Tt | 5e
0 9" | r-1%" | 1-2%" || 9" | I-1%" | 1-2%" || 9" | I-1%" | 1-2%" || 9" | I-0%" | I-2%" | I0°
5| 9" | I-1g" | 1-2%" || 9v | -t | 120" || 9 | 1M | 1-27" || 9" | 1-0%" | I-2%" | I5°
20°| 9" | I-0%" | 1"-34" 9 | 1-03" | I-3," 9 | 103" | 13" g | 10" | 1-27%" | 20°
25°| 9" | 1-0%" | I'-3%" || 9" | [-05" | I'"3%" 9 | 105" | I=3%" || 9" | m3 | 134" | 25°
300 9" | 1-0%" | 1-3%" || 9" | 1704 | 137" 9" | 1704 | 1-3%" || 9" | n%r | 1-3%" | 30°
350 9" | Wl | 14 || 9v | Wt | 14yt || 9 | Mgt | 14 | 9 | | 104 | 350
40°| 9" | 1% | I-4%" || 9" | M3 | I-4%" || 9" | M%" | 4% || 9" | 10%" | 1-4%" | 40°
45°| 9" | W%" | I-5" 9" | u%" | 15" g | 1% | -5 9" | 10h" | 143" | 450
50°1 9 g | I-5%" || 9 " | 1-5%" 9" | 1" | 1-5%" || o9 93" | I'“54" | 50°
550 9" | 10%" | 159" || 9 | 0% | I-5% || 9 | 10%" | I-5%" || 9" | 9t | I-5%" | 55°
60° | 9 10%" | 164" 9" 10%" | 164" 9" | 10%" | I-64" 9" 83" | I'-6%" | 60°
65°| 9" | 10%" | 1-6%" || 9" 10%" | I-6%" | | 9" 10%" | 1-6%" || 9" g" | 165" | 65°

X = 9" min,
X] = 4" min.
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HEADWALL CORNER DIMENSIONS

II" Wing - 12" Hdwl - 2" Offset

115" Wing - 12" Hawl - 2" Offset

12" Wing - 12" Hawl - 2" Offsel

Skew Skew

X X Xz X X X X X1 X2
0° | 9" -1 -1 9" Ir-05" I-0%" 9" -0 -0 0°
50 | 9 I-0%" I 1%" 9" r-o" I-07g" 9" 1" I-0%" 5°
0° 9" I'-0%" r-1 9" 11%" I-1%" 9" i I-0%" | 0°
15° 9" 11%" I-2%" 9" 1" -1 9 05" I-1%" | I5°
20° | 9" 11%" -2 9" 10%" | 1-2Y4" 9" 97%" I-17%" | 20°
25° | 9" 107%" r-3 9" 04" I-2%" 9 9%" r-24ym | 25°
Jo° | 9 105" I'-3%" 9" 9%" r-3 9" 8%" r-2%" | 30°
35° | o9 0" I-3%" 9" 9" I-3h" 9" 8" -3 | 35°
40° | 9" 95" I-4%" 9" 85" r-4 9" 7%" I-3%" | 40°
45° | g 9" I'-4%" 9" 75" 1-4%" 9" 65" I~ 4l | 45°
50° | 9 8%" Ir-5" 9" 7 I-47" 9" 5%" I-4%" | 50°
55° | 9" 7%" I'-55" 9" 65" I-5%" 9" 45" I-54" | 55°
60° | 9 6" r-6" 9" 5" I-5%" 97g" 4" I-5%" | 60°
65° | 9 59" I-6%" 95" 4" 1-6Y" 11%" 4" I-64" | 65°

X = 9" min.

X;= 4" min,

[enueipn 1usA|nND
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Culvert Manual Section 3 - Wingwall Design

DESIGN EXAMPLE

(Typical calculation of headwall corner dimensions)

For condition of 4" offsel.

X = 9"

iz 3t 9]0°—9 ) Z;I—'e >
Sm( > ) Tan( > )

Xe= 9" 910°+9 - T9;+9
Sin (—2 ) Tan(—z )

For condition where X, is computed to be less than or equal to 4",
use the following equations:

Set X;= 4", and find X as follows;

X = 4" + T*‘i - 12 .
Tan(295-8)  sin (292-9)
1 n T+4II
X2= 9" + -
. (90°+8 90°+8
Sin (—2 ) Tan(—z )
Given: (Skew Angle) 8=30°, (Wingwall Thickness) T=8"
X = 9"
Xi= 9" + 5 éf_joo - goff_’joo = 12.215" Use 12'y"
Sin (—2 ) Tan (—2 )
Xz= 9" + 12 - &4 = 15.927" Use 157"

sin (90°+30°) Taon (90°;30°

2
kY
€ Roadway AH/ ~ =
! \)) 90°-6
) 2

90°-
€ Culert / -
) 90°+6
/Q/ S\ A o
NP2 HEADWALL DIMENSIONS
> EXAMPLE
Figure 3.1.8-6
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Section 3 - Wingwall Design

3.2 Horizontal
Cantilever

3.2.1 Applications

3.2.2 Design Chart

Apr. 98

The horizontal cantilever type wingwall shall be used for culverts requiring
wing lengths 14 feet or less, and the design height (h) is 10 feet or less. Ifthe
length of any individual wing on a culvert exceeds 14 feet, the horizontal
cantilever type wingwalls shall not be used for any wing, except as noted in
Section 3.1.3.

The nomenclature used in the presentation of the design chart can be found
in Figures 3.2.2-1 and 3.2.2-2. The thickness of the wingwall and required
reinforcement shall be obtained from the horizontal wingwall design chart in
Figure 3.2.2-3. In no case should the wingwall thickness exceed the barrel
sidewall thickness by more than two inches; and if such a condition exists, the
portion of barrel wall which must be cast monolithically with the wingwall shall
be modified. This portion of the barrel shall be equal to half of the wingwall
length, but not less than 6 feet. The termination of the wall thickness curves
atthe upper end of the chart reflect the use of a maximum reinforcement ratio
of one half of 0.75p, .

The area of steel required per foot of wall height, will determine the hg or hg bar
spacing and size. The values for area of steel on the chart are based on
assumed bar sizes, and therefore the maximum bars which can be used in
design are given below. The minimum primary flexural reinforcement, hgor hg
bars, shall be #4 at 12 inch centers. The hz and hy bars should be the same
size as the hg and hg bars respectively, and spaced as shown in Figure 3.2.2-1.

AREA OF REINFORCEMENT in?/t. Bar Size
0.2-0.29 #4
0.3-0.43 #5
0.44-0.59 #6
0.6-0.79 #7
0.8-0.99 #8
1.0-15 #9
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NOTE:

Front

éfr. but not less

than six feet of the
barrel shall be poured
monolithicallly with

the wingwalls.

Bars hg & hz are
in long wing of
skewed culverts.

5-0" hzlor hz)
L hslor hg)
.
15" ¢l —
hg below S
Barrel A & A
4 5| 14
2" g
[ £
Heaawall

&’—
2
) =
hs (Back)— [y 0
hz (Front) —/ — [
hz (or hz) / Z K
is al same _
spacing as P
hg (or hg) 1+ -
A S
T
3 :
S 3| ¢
Q
2
- - = g
LA
1 bors SECTION A-A
HORIZONTAL CANTILEVER
WINGWALL DETAILS
Figure 3.2.2-1
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Invert
Elevation

FPr

+

Pa

BACK OF WING ELEVATION

HALF-PLAN

All Slopes
12 n

NW/'ngwa// Thickness (T)

Area of Reinforcement (sq. in.) is given per

= ~
= S
S I —— |
. R
ALe
SECTION

F Force on design strip = L(PA—éPB)
X distance to resultant of force
x = L (PA +2PB)

3 \Pa+Ps
Factored moment (M;-;)

(L.3)2(F)(x)
2,2
- U37L% g, 2pp)

6
2
Letting C = %i (Pa+2Ps)

Then M- = cLé

foot of wall height. Use same size and
spacing of reinforcement bars thru-out
full height of wall.

HORIZONTAL CANTILEVER
WINGWALL DESIGN

Apr. 98

Figure 3.2.2-2
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3.2.3 Design Horizontal wingwall design chart.
Examples

EXAMPLE 1
GIVEN: Fill=14.5', h=5-0",L=7"-6"
Enter chart at fill equal to 14.5', project line vertically to line h = 5'-0", extend
line horizontally from the intersection of these two lines, to the intersection of
vertical length ofwall (L=7'-6") line, and projectaline parallelto moment curve.
Atthe intersection of wall thickness curve (8" wing), project a line horizontally
to area of reinforcement, and read Ag=0.45 in2 perfoot. Referringtothe table
above, a#6 bar should be used, making the spacing of hg or hg bars #6 @ 11"
cts.

EXAMPLE 2

GIVEN: Fill=42.0',h=7'-0",L=10"-0"

Enter charts atfill = 42.0', vertically to h = 7'-0", and horizontally to L = 10'-0".
At the intersection of these two lines draw a line parallel to moment curve; at
intersection of first wall thickness curve (11" wing), and project a line horizon-
tally to Ag =0.805 inZ per foot. Referring to the table above, a #8 bar should
be used, making the spacing of hg or hg bars, #8 @ 11" cts.

EXAMPLE 3 (Not shown on Design Chart)

GIVEN: Fill=2'-0",h=3-0",L=9"-0"

Enter at fill = 2'-0", vertically to h = 3'-0", then horizontally to L = 9'-0". Atthe
intersection ofthese twolines, draw aline parallel to the momentcurve. Atthe
intersection of 8" wall thickness curve (most economical wing), project a line
horizontally to Ag = 0.34 in? per foot.

EXAMPLE 4 (Not shown on Design Chart)

GIVEN: Fill=10-0",h=3-0",L=12"-0"

Enter at fill = 10'-0", vertically to h = 3'-0", then horizontally to L = 12'-0".
At the intersection of these two lines, draw a line parallel to the moment
curve. Atthe intersection of 9" wall thickness curve (most economical wing),
projectaline horizontally to Ag = 0.6 in? per foot. (Note that 8" wall thickness
curve cannot be used since itterminates at A, = 0.7 in2, and therefore will
not be intersected).
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Section 3 - Wingwall Design

3.3 Vertical
Cantilever L-

Type

3.3.1 Applications

3.3.2 Table Use

Apr. 98

The L-Type vertical cantilever wingwall shall be used when the required
length of any of the culvert wingwalls is greater than 14 feet, and the soil will
support the footing pressure indicated. See Sections 3.1.3 and 3.1.4 for
limitations.

The cross sectional dimensions, and size and spacing of main reinforcement
bars required for the L-Type wingwalls are tabulated in the design tables in
Section 3.3.4. The use of these tables are predicated on the determination of
two factors; the stem height (Hg) and the fill height (see Figure 3.3.2-1).

The stem height (Hg) as shown in Figure 3.3.2-1, is the vertical distance from
the top of the stem to the invert, or top of footing. In the case of the ordinary
wingwall which has a variable stem height, itis not necessary to design for the
absolute maximum of the stem height. Inthis case, itis safe to assume the stem
height (Hg) at a horizontal distance of 1'-6" from the joint. A simpler methodto
approximate this stem height is obtained by adding the clear height of the barrel
to the top slab thickness and the headwall height and then subtracting an
amount (1" to 6 1/2") to obtain an even six-inch increment. The fill height is
obtained by subtracting the design stem height from the shoulder to invert
dimension, and then adding the distance from the top of the stem to the ground
line at the back face of the stem (approximately 6 inches).

Figure 3.3.2-1 shows the nomenclature usedin the presentation of the tables.
Itshould be noted thatin the case of the v-bars, subscripts “i” and “|” have been
used so that those subscripts can assume individual values on the plans for
various groups of bars, e.g., vs, Vg, Vo, etc. The Vj bars should be furnished in
groups of equal length bars, each group to be of a length that will fit within the
slope of the top of the wingwall, and at the same time, not cause a bar lap of
less than the minimum reinforcement bar laps as shown in Section 4.
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_#ﬂ
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N
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3 —wf | 1" cl.
I I . 4 |a
s .@+——h3 or heg
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% o Bonded Const. Jt.
¢ hz — Invert Elevation
[
-} —® |
1~ S
L. n
19" cl.
h3 —]
Point of Max. 7'7‘ B-T
Soil Pressure 5

* Note:

The subscripts "i" and "j" are variables.
These can assume individual values as shown
on the plans such as v;, vz, v3. ....€lc.

L-TYPE VERTICAL
CANTILEVER WINGWALLS

Figure 3.3.2-1
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3.3.3 Design Given: 6'x4' Simple Span Box
Example Top Slab = 6", Shoulder to Invert = 15.5'

Compute Design Stem Height

Clear Height of barrel = 4-0"
Thickness of top slab =+ 6"
Headwall =+__ 6"
5'-0"
Subtract (1"to 6 1/2") - 6"
Design Stem Height (Hg) = 4-6"
Compute Fill
Shoulder to Invert = 155
Design Stem Height (Hg) =- 45
= 11.00
Top of Stem to ground line
(6" + _.5
Fill Height = 115

The fill of 11'-6" is between the limits of 10'-0" and 20'-0".
From the tables for stem height (Hg) = 4'-6" and a fill of 20'-0",
find the following:

Stem thickness =T = 8"

Footing width - Stem thickness=B - T = 2'-10"

Footing thickness = T =10"

Stem Reinforcement:
Vi(E) bars: #4 @ 12"
vjbars: Not required

Footingreinforcement:
zbars: #4 @ 12"
A dimension (Horizontal leg) = 3'-3"
Total length =5'-11"
Maximum soil pressure = 1,930 psf
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Check this maximum soil pressure with that allowed for the encountered soll
conditions. Ifthe allowable bearing capacity ofthe soilis less than the maximum
soil pressure given in the tables, the wingwall should be considered a special
structural design problem and, therefore, submitted to the Bureau of Bridges
and Structures for analysis.

The location of maximum soil pressure given in the tables, is located at the
lowest corner of the front face of the L-Type wall.
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3.3.4 Design
Tables
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VERTICAL CANTILEVERL-TYPEWINGWALLS

STEM FOOTING vi (E) BARS vj BARS Z BARS MAX. SOIL

Hgggr FIEE T B B-T Te SIZE |SPACING | LENGTH | SIZE |SPACING | SIZE |SPACING| A | LENGTH Pi/‘?igg'g
. In. | Fr-In. | Fr-In. | In. In. | Fr.-In. In. In. | Fr.-In. | Ff.-In. |Lbs. per Sq. FT.

0.0 8.0 2-5 1-9 10.0 4 12 - - - 4 12 2-2 4-10 1094

i 5.0 8.0 2-5 1-9 10.0 4 12 - - - 4 12 2-2 4-10 1371

f? 10.0 8.0 2-6 1-10 10.0 4 12 - - - 4 12 2-3 4-11 1396

TI) 20.0 8.0 2-6 1-10 10.0 4 12 - - - 4 12 2-3 4-11 1445

%) 30.0 8.0 2-7 1-11 10.0 4 12 - - - 4 12 2-4 5-0 1425

T 40.0 8.0 2-7 1-11 10.0 4 12 - - - 4 12 2-4 5-0 1436

50.0 8.0 2-7 1-11 10.0 4 12 - - - 4 12 2-4 5-0 1442

0.0 8.0 2-8 2-0 10.0 4 12 - - - 4 12 - - 1199

_ 5.0 8.0 2-9 2-1 10.0 4 12 - - - 4 12 - - 1501

:Q? 10.0 8.0 2-9 2-1 10.0 4 12 - - - 4 12 - - 1581

TID 20.0 8.0 2-10 2-2 10.0 4 12 - - - 4 12 - - 1604

n 30.0 8.0 2-11 2-3 10.0 4 12 - - - 4 12 - - 1591

- 40.0 8.0 2-11 2-3 10.0 4 12 - - - 4 12 - - 1605

50.0 8.0 2-11 2-3 10.0 4 12 - - - 4 12 - - 1614

0.0 8.0 2-11 2-3 10.0 4 12 - - - 4 12 2-8 - 1310

5 5.0 8.0 3-0 2-4 10.0 4 12 - - - 4 12 2-9 - 1669

er 10.0 8.0 3-1 2-5 10.0 4 12 - - - 4 12 2-10 - 1728

I 20.0 8.0 3-2 2-6 10.0 4 12 - - - 4 12 2-11 - 1766

Ic/) 30.0 8.0 3-3 2-7 10.0 4 12 - - - 4 12 3-0 - 1760

40.0 8.0 3-3 2-7 10.0 4 12 - - - 4 12 3-0 - 1779

50.0 8.0 3-3 2-7 10.0 4 12 - - - 4 12 3-0 - 1791
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VERTICAL CANTILEVERL-TYPEWINGWALLS

STEM FOOTING vi () BARS vj BARS z BARS MAX. SOIL
STEM || FriL PRESSURE

HEIGHT T B B-T Tr SIZE |SPACING | LENGTH | SIZE |SPACING | SIZE |SPACING| A LENGTH | 47 ToE
. In. Ff.-In. | Fi.-In. In. In. Ff.-In. In. In. Ff.-In. | Fi.-In. |Lbs. per Sq. F.

0.0 8.0 3-2 2-6 10.0 4 12 - - - 4 12 2-11 5-7 1424

5.0 8.0 3-4 2-8 10.0 4 12 - - - 4 12 3-1 5-9 1796

:q? 10.0 8.0 3-5 2-9 10.0 4 12 - - - 4 12 3-2 5-10 1876

< 20.0 8.0 3-6 2-10 10.0 4 12 - - - 4 12 3-3 5-11 1930

. 30.0 8.0 3-7 2-11 10.0 4 12 - - - 4 12 3-4 6-0 1931

fﬁ 40.0 8.0 3-7 2-11 10.0 4 12 - - - 4 12 3-4 6-0 1956

50.0 8.0 3-8 3-0 10.0 4 12 - - - 4 12 3-5 6-1 1930

0.0 8.0 3-6 2-10 10.0 4 12 - - - 4 12 - 5-11 1509

i 5.0 8.0 3-8 3-0 10.0 4 12 - - - 4 12 - 6-1 1923

:o. 10.0 8.0 3-9 3-1 10.0 4 12 - - - 4 12 - 6- 2 2025

Llrl) 20.0 8.0 3-10 3-2 10.0 4 12 - - - 4 12 - 6- 3 2094

n 30.0 8.0 3-11 3-3 10.0 4 12 - - - 4 12 - 6-4 2104

= 40.0 8.0 3-11 3-3 10.0 4 12 - - - 4 12 - 6- 4 2134

50.0 8.0 4-0 3-4 10.0 4 12 - - - 4 12 - 6-5 2111

0.0 8.0 3-9 - 10.0 4 12 - - - 4 12 3-6 - 1628

- 5.0 8.0 3-11 - 10.0 4 12 - - - 4 12 3-8 - 2091

i 10.0 8.0 4-1 - 10.0 4 12 - - - 4 10 3-10 - 2176

I 20.0 8.0 4-2 - 10.0 4 12 - - - 4 10 3-11 - 2259

IU’ 30.0 8.0 4-3 - 10.0 4 12 - - - 4 9 4-0 - 2278

40.0 8.0 4-4 - 10.0 4 12 - - - 4 4-1 - 2271

50.0 8.0 4- 4 - 10.0 4 12 - - - 4 9 4-1 - 2294
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VERTICAL CANTILEVERL-TYPEWINGWALLS

STEM FOOTING vi (E) BARS v; BARS z BARS MAX. SOIL
STEM || FriL PRESSURE

HEIGHT T B B-T Tr SIZE |SPACING | LENGTH | SIZE |SPACING| SIZE |SPACING A LENGTH | 47 ToE
F. In. Ff.-In. | Fl.-In. In. In. Ff.-In. In. In. Ff.-In. | Ff.-In. |Lbs. per Sq. FT.

0.0 8.0 4-0 3-4 10.0 4 12 - - - 4 12 3-9 6-5 1749

5.0 8.0 4-3 3-7 10.0 4 12 - - - 4 4-0 6- 8 2225

=Cl) 10.0 8.0 4-5 3-9 10.0 4 12 - - - 4 8 4-2 6-10 2315

© 20.0 8.0 4- 6 3-10 10.0 4 12 - - - 5 12 4-3 6-11 2424

“w 30.0 8.0 4-7 3-11 10.0 4 12 - - - 5 11 4- 4 7-0 2452

I 40.0 8.0 4- 8 4-0 10.0 4 12 - - - 5 10 4-5 7-1 2451

50.0 8.0 4-8 4-0 10.0 4 12 - - - 5 10 4-5 7-1 2478

0.0 8.0 4-5 3-9 10.0 4 12 - - - 4 9 4-2 6-10 1809

. 5.0 8.0 4-7 3-11 10.0 4 12 - - - 5 10 4- 4 7-0 2351

g 10.0 8.0 4- 8 4-0 10.0 4 12 - - - 5 10 4-5 7-1 2508

I 20.0 8.0 4-10 4- 2 10.0 4 12 - - - 5 9 4-7 7-3 2589

Iw 30.0 8.0 4-11 4- 3 10.0 4 12 - - - 5 9 4- 8 7-4 2626

40.0 8.0 5-0 4-4 10.0 4 12 - - - 6 12 4-9 7-5 2631

50.0 8.0 5-0 4-4 10.0 4 12 - - - 6 12 4-9 7-5 2662

0.0 8.0 4-9 4-1 10.0 4 12 - - - 5 10 4-6 - 1903

- 5.0 8.0 4-11 4-3 10.0 4 12 - - - 6 12 4-8 - 2479

ij 10.0 8.0 5-0 4-4 10.0 4 12 - - - 6 11 4-9 - 2655

I 20.0 8.0 5-2 4- 6 10.0 4 10 - - - 6 10 4-11 - 2753

I"’ 30.0 8.0 5-3 4-7 10.0 4 10 - - - 6 10 5-0 - 2800

40.0 8.0 5-4 4- 8 10.0 4 10 - - - 6 9 5-1 - 2811

50.0 8.0 5-4 4- 8 10.0 4 10 - - - 6 9 5-1 - 2847
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VERTICAL CANTILEVERL-TYPEWINGWALLS

STEM FOOTING vi(E) BARS vj BARS z BARS MAX. SOIL
STEM FILL PRESSURE
HE IGHT T B B-T Tr SIZE | SPACING | LENGTH SIZE | SPACING SIZE | SPACING A LENGTH AT TOE
. In. rt.-1In. Ft.-1n. In. In. rt.-1n. In. In. Ft.-1n. Fi.-In. |Lbs. per Sq. FT.
0.0 8.0 5-2 4-6 10.0 4 12 4-9 4 12 6 12 4-11 7-7 1969
5.0 8.0 5-3 4-7 10.0 4 12 4-9 4 12 6 9 5-0 7-8 2609
?? 10.0 8.0 5-4 4-8 10.0 4 10 4-9 4 10 6 5-1 7-9 2799
: 20.0 8.0 5-6 4-10 | 10.0 4 9 4-9 4 9 7 11 5-3 7-11 2917
0 30.0 8.0 5-7 4-11 | 10.0 4 8 4-9 4 8 7 11 5-4 8-0 2974
- 40.0 8.0 5-8 5-0 10.0 4 8 4-9 4 8 7 10 5-5 8-1 2991
50.0 8.0 5-8 5-0 10.0 4 8 4-9 4 8 7 10 5-5 8-1 3032
0.0 8.0 5-6 4-10 | 10.0 4 12 4-9 4 12 6 9 5-3 7-11 2065
. 5.0 8.0 5-6 4-10 | 10.0 4 9 4-9 4 9 7 11 5-3 7-11 2778
g 10.0 8.0 5-8 5-0 10.0 4 8 4-9 4 8 7 10 5-5 8-1 2941
I 20.0 8.0 5-10 5-2 10.0 5 11 5-3 4 11 7 9 5-7 8-3 3081
IU) 30.0 8.0 5-11 5-3 10.0 5 11 5-3 4 11 7 9 5-8 8-4 3147
40.0 8.0 6-0 5-4 10.0 5 10 5-3 4 10 7 8 5-9 8-5 3171
50.0 8.0 6-1 5-5 10.0 5 10 5-3 4 10 7 8 5-10 8-6 3173
0.0 8.0 5-11 5-3 10.0 4 10 4-9 4 10 7 10 5-8 8-4 2136
o 5.0 8.0 5-11 5-3 10.0 4 8 4-9 4 8 7 5-8 8-4 2873
[G'e} 10.0 8.0 5-11 5-3 10.0 5 10 5-3 4 10 7 5-8 8-4 3124
I 20.0 9.0 6- 2 5-5 11.0 5 11 5-3 4 11 7 5-11 8-7 3300
n
T
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VERTICAL CANTILEVERL-TYPEWINGWALLS

STEM FOOTING vi(E) BARS vi BARS 7z BARS MAX. SOIL
STEM FIlL PRESSURE
HEIGHT T B B-T Tr SIZE | SPACING | LENGTH SIZE | SPACING SIZE | SPACING A LENGTH AT TOE
F1. In. F1.-1n. Ft.-In. In. In. F1.-1n. In. In. Ft.-1n. Ft.-In. \Lbs. per 5q. F1.
0.0 8.0 6- 3 5-7 10.0 4 9 4-9 4 9 7 8 6-0 8-8 2234
5.0 9.0 6- 3 5-6 11.0 5 12 5-3 4 12 7 8 6-0 8-8 3060
_o. 10.0 9.0 6- 4 5-7 11.0 5 10 5-3 4 10 7 8 6-1 8-9 3276
()]
" 20.0 9.0 6- 6 5-9 11.0 5 9 5-3 5 9 7 7 6- 3 8-11 3462
[%2)
I
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3.4 Vertical
Cantilever T-

Type

3.4.1 Applications I he T-type vertical cantilever wingwall shall be used when the required
length of any of the culvertwingwalls is greater than 14 feet. See Sections 3.1.3
and 3.1.4 for limitations.

3.4.2 Table Use The cross sectional dimensions, and size and spacing of reinforcement bars
required for the T-type vertical cantilever wingwall, are tabulated in the design
tables in Section 3.4.5. The use of these tables is predicated on the
determination of design height (Hp) and fill height, shown in Figure 3.4.2-2.

The design height (Hp) is the vertical distance from the bottom of the footing
to the point of intersection of the embankment slope and backface of the wing
stem. In the case of the ordinary wingwall which has a variable stem height,
itis safe to assume the design height at a horizontal distance of 1'-6" from the
joint. Asimpler method to approximate this design heightis obtained by adding
the clear height of the barrel, top slab thickness and the distance below invert
to the bottom of footing (4'-0"), and then subtracting an amount (1" to 6 1/2")
to obtain an even six-inch increment.

Figure 3.4.2-2 shows the nomenclature usedin the presentation of the tables.
The v; bars should be furnished in groups of equal length bars, each group to
be of a length that will fit within the slope on the top of the wingwall, and at the
same time, provide an adequate bar lap as shown in Section 4.

Itshould also be noted thatin some instances, especially with higher walls and
fills, 2 dowel bars (n(E) & n4 (E)) are used. Whenthis condition exists, both bars
shall be used, labeled separately and placed alternately at one half the
indicated spacing. One of the reinforcement arrangements shown in Figure
3.4.2-1 will be obtained from the tables for any particular T-type wingwall.
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vj bars spaced with n(E) bars vj bars spaced with n(E) bars
Vil Viz Vi3 Vi4 Vi Vi2 Vi3
//' /
/
// Vj " Vj

L |

U U Utwin. Lap J U b U JJ U
n(E) bars ni{E) bars spaced as
shown in tables
n(E) & vj BARS n(E) bars spaced as shown
in tables
vj bars spaced with nj(E) n(E), ny(E) & vj BARS
and v; bars
Vi Vi2 Vi3
//
/
/
// Vi
g Note: Subscripts 11, 12, 13 and 14
have been used for j.
For lengths of minimum Iap,
see Section 4.

vi

Min. Lap

| |
LU U JddJ

n(E) bars spaced as
shown in tables
ni(E) bars spaced as
shown in tables

n(E), ni(E), vi & vj BARS STEM REINFORCEMENT
LAYOUT

Figure 3.4.2-1
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#4 at 12" cts.—@ 4#— #4 at +2-0" cts.
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The subscripts "i" and "j"
are variables. These can
assume individual values as

shown on the plans for various T-TYPE VERTICAL
bars, e.g. vy, v2, vz .... elc.
CANTILEVER WINGWALLS

Figure 3.4.2-2
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Section 3 - Wingwall Design

3.4.3 Barrel Cutoff
Wall

Page 3-38

While excavating for the footing of the T-type wingwalls, it is possible that the
corner of the bottom slab, which has previously been poured, would be
undermined. To avoid this possibility, the barrel cutoff wall has been returned
along the edges of the barrel as shown in Figure 3.4.3-1. The length of this
return cutoff wall is a function of two variables; (1) the skew angle, and (2) the
width of footing. This length shall be determined from the chartin Figure 3.4.3-
1 to the nearest 3 inches.
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EXAMPLE:
b = Footing width as given Given: T-Type wingwall design
in T-Type wingwall height of 15°-6", Fill 40°-0" | o ~
tables. Skew angle of 20° |
@ = Skew Angle From T-Type wingwall tables T he o
find b = 9°-1” N - .
Find d dimension to nearest Enter chart with b = 9°-1" SLX -' v
3”, use for all four corners. Horizontal to 8 = 20° Read d % A - A
dimension vertical below of 4°-11", ]
Use 5-0".
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3.4.4 Design Given: 12'x 10" Simple Span Box,
Example (Top Slab Thickness = 22"), Shoulder to Invert = 48.32'
Compute Design Height:
Clear Height = 10-0"
Top Slab (22" =+ 110"
From Invert to bottom of footing =+ _4'-0"
15'-10"
Subtract (1"to 6 1/2") - 4"
Design Height (HD) = 15-6"
Compute Fill:
Shoulder to Invert = 48.32
From Invert to bottom of footing =+ 4.00
52.32
Design Height = - 15.50'
Fill 36.82'

The fill of 36.82' is between the limits of 35'-0" and 40'-0".

Fromthe tables for the design height of 15'-6" and fill of 40'-0" find the following:

Stem thickness at top = T = 12¢
Stem thickness at bottom = T, = 13"
Footing thickness = T¢ = 1-6"
Footing width = b = 91"
Toe dimension = X = 30"

Dowel bars
n(E) and nq(E) bars #7 @ 10" cts and #6 @ 10" cts

Stem Reinforcement
vj bars #5 @ 10" cts
vjbars #4 @ 10" cts (same spacing as v; bars and
n41(E) bars)
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Footing Reinforcement
t bars #6 at 11" cts Heel (top)
#6 at 12" cts toe (bottom)
length 8'-10"

Maximum Soil Pressure (toe) 3,849 psf.

Check this maximum soil pressure with that allowed for the encountered soll
conditions. Ifthe allowable bearing capacity of the soilisless than the maximum
soil pressure given in the table, the wingwall should then be considered a
special structural design problem, and, therefore, submitted to the Bureau of
Bridges and Structures for analysis.

Depending onthe available soil boring data, it may be necessary to investigate
the use of piles. This condition is not to be handled through the use of these
tables and also should be considered a special structural design problem and
submitted to the Bureau of Bridges and Structures for analysis.
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3.4.5 Design
Tables
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 8'-6" MAX. SOIL
STEM FOOTING n(E) and n, (E) BARS Vi BAR v, BAR I BAR e
el I A b X |size|sPa| A 8 | ¢ |size|sea | tenotn | size | size RN En6TH T s per
Fi. In. | In. |Ft.-In| Ft.-In. | Fi.-In. In. [Ft.-In.[Ft.-In.| Fi.-In. In. | Fi.-In. In. | In. [ Ft.-In Sq. F1.
0.0 |10.0|10.0| 1-6 4-6 1-6 4| 12| 0-6| 2-11| 1-9 - - - 4 4 | 12 12 4-3 1514
2.5 |10.0|10.0| 1-6 4-6 1-6 4-1 12- O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-3 1832
5.0 |10.0|10.0| 1-6 4-6 1-6 4-1 12- O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-3 2008
7.5 |10.0|10.0| 1-6 4-6 1-6 4-]- 12- O- 6 2-_11 1:9 - - - 4 4 | 12 12 4- 3 2159
10.0 |10.0|10.0| 1-6 4-6 1-6 4-1 12- O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-3 2264
15.0 |10.0|10.0| 1-6 4-7 1-6 4-]- 12- O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-4 2356
20.0 |10.0| 10.0| 1-6 4-8 1-6 4-1 12- O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-5 2394
25.0 |10.0| 10.0| 1-6 4-9 1-7 4-1 E; O- 6 2-_11 1:9 - - - 4 4 | 12 12 4- 6 2346
30.0 |10.0| 10.0| 1-6 4-9 1-7 4-1 E; O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-6 2393
35.0 |10.0| 10.0| 1-6| 4-10 1-7 4-1 S; 0- 6 2-_11 1:9 - - - 4 4 | 12 12 4-7 2382
40.0 | 10.0| 10.0| 1-6| 4-10 1-7 4-1 S; 0- 6 2-_11 1:9 - - - 4 4 | 12 12 4-7 2412
45.0 |10.0|10.0| 1-6| 4-11 1-7 4-1 S; 0- 6 2-_11 1:9 - - - 4 4 | 12 12 4-8 2389
50.0 |10.0| 10.0| 1-6 5-0 1-8 4-1 5; O- 6 2-_11 1:9 - - - 4 4 | 12 12 4-9 2303
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 9'-0" MAX. SOIL
STEN FOOTING n(E) and ny(E) BARS vi BAR v; BAR I BAR e
e A b « |size|seal A | 8 | o |size|sea| ceweTh | size | size EEAENE 4 eneTH | s per
Ft. In. | In. |Ft.-In| Ft.-In. | Ft.-In. In. [Ft.-In|Ft.-In. [ Ft.-In. In. | Ft.-In In. | In. | Ff.-In, 5q. F1.
0.0 0.0 10.0 | 1-6 | 4-10 1-7 4 |12 | 0-6 211 19 - - - 4 4 | 12 12 4-7 1562
25 [10.0 10.0 | 1-6 | 4-10 1-7 ‘-l- 12- O-G 2-11 1:9 - - - 4 4 | 12 12 4-7 1899
5.0 [10.0 10.0 | 1-6 | 4-10 1-7 4-1 12- O-G 2-11 1:9 - - - 4 4 | 12 12 4-7 2075
7.5 [10.0 10.0 | 1-6 | 4-10 1-7 4-1 9- O-6 2-11 1:9 - - - 4 4 | 12 12 4-7 2224
10.0 |10.0 |10.0 | 1-6 | 4-10 1-7 4-1 9- 0-6 2-11 1:9 - - - 4 4 |12 | 12 4-7 2340
15.0 |10.0 |10.0 | 1-6 | 4-10 1-7 4-]- 9- 0-6 2-11 1:9 - - - 4 4 | 12 12 4-7 2489
20.0 |10.0 100 | 1-6 | 4-11 1-7 4-1 9- 0-6 2-11 1:9 - - - 4 4 |12 | 12 4-8 2534
25.0 |10.0 100 |16 | 5-0 1-8 4-1 9- O-6 2-11 1:9 - - - 4 4 |12 | 12 4-9 2491
30.0 |10.0 100 |16 | 5-0 1-8 4-1 9- O-6 2-11 1:9 - - - 4 4 |12 | 12 4-9 2543
35.0 [10.0 10.0 |16 | 5-1 1-8 ;1 9- O- 6 2-11 1:9 - - - 4 4 | 12 | 12| 4-10 2535
40.0 10.0 100 |16 | 5-2 1-8 ;1 9- O- 6 2-11 1:9 - - - 4 4 | 12 | 12| 4-11 2520
450 [10.0 10.0 | 1-6 5-4 1-9 4-1 9- O-6 2-11 1:9 - - - 4 4 |12 | 12 5-1 2397
50.0 [10.0 10.0 | 1-6 5-4 1-9 4-1 9- O-6 2-11 1:9 - - - 4 4 |12 | 12 5-1 2418
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 9'-6" MAX. SOIL
STEM FOOTING n(E) and n(E) BARS vi BAR v; BAR ' BAR : i’?%f;g

. T T Tr b X |SIZE|sPA.| A B C || SIZE | SPA. | LENGTH SIZE | SIZE HESEPf C[TNgE LENGTH [ [ ps. per

Fi. In. | _In. |F7.-In Fi.-In. | Fi.-In. In. | Ft.-In | Ft.-In.| Fi.-In. In. | Ft-In. In. | In. | Ft.-In. Sg. 1.
0.0 |10.0| 10.0| 1-6 5-1 1-8 4| 12| 0-6| 2-11 1-9 - - - 4 4| 12| 12 4-10 1642
25|10.0| 100 16| 51| 1-8 4 12- O- 6 2--11 1:9 - - - 4 41 12| 12| 4-10 1999
5.0 |10.0| 10.0| 1-6 5-1 1-8 4 9 O—- 6 2—-11 1:9 - - - 4 4| 12| 12 4-10 2176
75 /10.0| 100 16| 5-1| 1-8 4 9 0:6 2--11 1:9 - - - 4 41 12| 12| 4-10 2333
10.0 | 10.0| 10.0f 16| 5-1| 1-8 4 9 0: 6 2—-11 1:9 - - - 4 41 12| 12| 4-10 2460
15.0 | 10.0| 10.0| 1-6 5-2 1-8 5 12- O—- 7 3—- 5 2:3 - - - 4 4| 12| 12 4-11 2573
20.0 |10.0| 10.0| 16| 5-3| 1-9 5 12- O—- 7 3-5 2:3 - - - 4 4| 12| 12| 5-0 2562
25.0 |10.0| 10.0| 16| 5-3| 1-9 5 1(; O—- 7 3-5 2:3 - - - 4 4| 12| 12| 5-0 2635
30.0 |10.0|/10.0| 16| 5-4| 1-9 5 1(; O—- 7 3-5 2:3 - - - 4 4| 12| 12| 5-1 2643
35.0 |10.0|/10.0| 16| 5-5| 1-9 5 1(; O—- 7 3-5 2:3 - - - 4 4| 12| 12| 5-2 2639
40.0 | 10.0| 10.0| 1-6 5-7 1-10 5 1(; 0—- 7 3—-5 2:3 - - - 4 4| 12| 12 5-4 2524
45.0 | 10.0| 10.0| 1-6 5-8 1-10 5 1(; 0—- 7 3—-5 2:3 - - - 4 4| 12| 12 5-5 2509
50.0 | 10.0| 10.0| 1-6| 5-8 | 1-10 5 1(; 0- 7 3—- 5 2:3 - - - 4 4| 12| 12| 5-5 2532
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 10'-0" MAX. SOIL
STEM FOOTING n(E) and n, (E) BARS Vi BAR v; BAR t BAR a i?igg’g
P T T Tr b X |sizE|sPA| A B C || SIZE | SPA. | LENGTH SIZE ||sizE HEEPf C%E LENGTH | [ ps. per
Fi. In. | In. [Ft-In| Fi.-In. | Fi.-In. In. |Ff.-In.|Ft.-In.|Ft.-In. In. | Fi.-In. In. | In. | Fr.-In. Sq. f1.
0.0 |10.0 {10.0 | 1-6 5-4 1-9 4 9 -6 211 19 - - - 4 4 | 12 | 12 5-1 1722
2.5 |10.0 |10.0 | 1-6 5-4 1-9 4 9 0-_6 2-_11 1:9 - - - 4 4 | 12 | 12 5-1 2093
5.0 |10.0 |10.0 | 1-6 5-4 1-9 4 9 0-_6 2-_11 1:9 - - - 4 4 | 12 | 12 5-1 2276
7.5 |10.0 |10.0 | 1-6 | 5-4 1-9 5 1(; 0-_7 3-_ 5 2:3 - - - 4 4 | 12 | 12 5-1 2440
10.0 |10.0 |10.0 | 1-6 | 5-4 1-9 5 1(; 0-_7 3-_ 5 2:3 - - - 4 4 | 12 | 12 5-1 2576
15.0 |10.0 |10.0 | 1-6 | 5-5 1-9 5 1(; 0-_7 3-_ 5 2:3 - - - 4 4 | 12 | 12 5-2 2704
20.0 |10.0 |10.0 | 1-6 | 5-6 | 1-10 5 1(; 0- 7 3: 5 2:3 - - - 4 4 112 | 12| 5-3 2699
25.0 |10.0 |10.0 | 1-6 5-6 1-10 5 1(_) 0-_ 7 3-_ 5 2:3 - - - 4 4 | 12 | 12 5-3 2778
30.0 |10.0 |10.0 | 1-6 5-7 1-10 5 1(_) 0-_ 7 3-_ 5 2:3 - - - 4 4 | 12 | 12 5-4 2790
35.0 |10.0 100 | 1-6 | 5-9 | 1-11 5 1(-) 0- 7 3: 5 2:3 - - - 4 4 |12 | 12| 5-6 2681
40.0 |10.0 |10.0 | 1-6 | 5-10 | 1-11 6 1é 0-_8 3-_ 8 2:6 - - - 4 4 | 12 | 12 5-7 2674
450 |10.0 |100 | 1-6 | 5-11 | 1-11 6 1é 0-_8 3-_ 8 2:6 - - - 4 4 | 12 | 12 5-8 2661
50.0 |10.0 (100 16 | 6-1 | 2-0 6 1é 0:8 3: 8 2:6 - - - 4 4 | 12 | 12| 5-10 2546
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 10'-6" MAX. SOIL
STEW FOOTING A(E) and 0 (E) BARS v BAR v, BAR ! BAR e
i I b ¥ |size|spal A B | ¢ |size|sea| Lewetr | size | size EEAME L eneTH | s per
Fi., In. | In. |Ft.-In| Ft.-In. | Ft.-In. In. [Fi.-In|Ft.-In.|Fi.-In. In. | Fi.-In. In. | In. | Ft.-In. Sq. F1.
0.0 |10.0 |10.0 | 1-6 5-7 1-10 4 9/ 0-6|211| 19 - - - 4 4 | 12 12 5-4 1802
2.5 |10.0 |10.0 | 1-6 5-7 1-10 é 12_ 0- 7 3- 5 2:3 - - - 4 4 | 12 12 5-4 2215
5.0 |10.0 |10.0 | 1-6 5-7 1-10 é 1(; 0- 7 3- 5 2:3 - - - 4 4 | 12 12 5-4 2377
7.5 |10.0 |10.0 | 1-6 5-7 1-10 é 1(; 0- 7 3- 5 2:3 - - - 4 4 | 12 12 5-4 2547
10.0 |10.0 |10.0 | 1-6 5-7 1-10 é) 1(_) 0- 7 3- 8 2:6 - - - 4 4 | 12 12 5-4 2691
15.0 |10.0 |10.0 | 1-6 5-8 1-10 é 12_ 0- 8 3--11 2:9 - - - 4 4 | 12 12 5-5 2834
20.0 |10.0 |10.0 | 1-6 5-9 1-11 é 1(; 0- 8 3--11 2:9 - - - 4 4 | 12 12 5-6 2835
25.0 |10.0 |10.0 | 1-6 | 5-10 1-11 é 1(; O- 8 4- 2 3:0 - - - 4 4 | 12 12 5-7 2870
30.0 |10.0 |10.0 | 1-6 | 5-11 1-11 é 1(; O- 8 4- 2 3:0 - - - 4 4 | 12 12 5-8 2887
35.0 |10.0 (10.0 | 1-6 6-1 2-0 -6 1(; 0- 8 4- 2 3:0 - - - 4 4 | 12 12 5-10 2784
40.0 |10.0 |10.0 | 1-6 6- 2 2-0 -6 1(; 0- 8 4- 2 3:0 - - - 4 4 | 12 12 5-11 2781
45.0 |10.0 |10.0 | 1-6 6- 4 2-1 é l(; 0- 8 4—- 2 3:0 - - - 4 4 | 12 12 6-1 2671
50.0 |10.0 [10.0 | 1-6 6-5 2-1 é 1(; 0- 8 4- 2 3:0 - - - 4 4 | 12 12 6- 2 2659
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 11'-0" MAX. SOIL
STEM FOOTING nE) and 0, (E) BARS Vi BAR v} BAR I BAR e
i A b ¥ |size|seal 4 B | o |size|sea | Lewetn | size | size PR ) et [T s per
F1. In. | In. |Ft.-In.| Ft.-In. | Ft.-In. In. [Ft.-InFt.-In.[Ft.- In. In. | Fi.-In. In. | [n. | Ft.-In. 5q. ft.
0.0 |10.0 |10.0| 1-6 | 5-11 1-11 5|112| 0-7| 3-5| 2-3 - - - 4 4 | 12 12 5-8 1850
25 |10.0 |10.0 | 1-6 | 5-11 1-11 :"3 1C; 0- 7 3- 5 2:3 - - - 4 4 | 12 12 5-8 2311
5.0 |10.0 |10.0 | 1-6 | 5-11 1-11 :"3 1C; 0- 7 3- 8 2:6 - - - 4 4 | 12 12 5-8 2438
7.5 |10.0 |10.0 | 1-6 | 5-11 1-11 é 1C; 0- 8 4- 2 3:0 - - - 4 4 | 12 12 5-8 2609
10.0 |10.0 |10.0| 1-6 | 5-11 1-11 (-3 1(:_) 0- 8 4- 2 3:0 - - - 4 4 | 12 12 5-8 2756
15.0 |10.0 |10.0| 1-6 | 5-11 1-11 (-3 1(:_) 0- 8 4- 5 3:3 - - - 4 4 | 12 12 5-8 2963
20.0 [10.0 |10.0| 1-6 6-0 2-0 (-5 l(; 0- 8 4- 5 3:3 - - - 4 4 | 12 10 5-9 2969
25.0 |10.0 |10.0| 1-6 6-1 2-0 ;5 1(_) 0- 8 4- 8 3:6 - - - 4 4 | 12 10 5-10 3010
30.0 |10.0 |10.0| 1-6 6- 2 2-0 ;5 1(_) 0- 8 4- 8 3:6 - - - 4 4 | 12 10 5-11 3031
35.0 |10.0 |10.0| 1-6 6- 4 2-1 (-5 E; 0- 8 4- 8 3:6 - - - 4 4 | 12 10 6-1 2930
40.0 |10.0 |10.0| 1-6 6- 7 2-2 (-5 E; 0- 8 4- 8 3:6 - - - 4 4 1 10 10 6- 4 2786
45.0 |10.0 |10.0| 1-6 6- 8 2-2 (-5 E; 0- 8 4- 8 3:6 - - - 4 4 | 10 10 6-5 2780
50.0 |10.0 |10.0 | 1-6 6-9 2-3 (-5 E; 0- 8 4- 8 3:6 - - - 4 4 | 10 10 6- 6 2713
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 11'-6" MAX. SOIL

STEM FOOTING A(E) and n,(E) BARS Vi BAR v} BAR I BAR e

i I b X |size|seal A B | ¢ |size|sea| eweTH | size | size (2EAENE L ENGTH [ s per

F1. In. | In. |Ft.-In| Ft.-In. | Fi.-In. In. | Ft.-In.[Ft.-In. [ Ft.-In. In. | Fi.-In. In. | In. | Ft.-In. 5q. ft.

0.0 |10.0 |10.0| 1-6 6- 2 2-0 5110, 0-7| 3-5| 2-3 - - - 4 4 | 12 12 5-11 1930

2.5 |10.0 |10.0| 1-6 6- 2 2-0 5110, 0-7| 3-8| 2-6 - - - 4 4 | 12 12 5-11 2434

5.0 |10.0 |10.0| 1-6 6- 2 2-0 6 |10 0-8| 4-5| 3-3 - - - 4 4 | 12 | 12 5-11 2539

7.5 |10.0 |10.0| 1-6 6- 2 2-0 6 |10 0-8| 4-8| 3-6 - - - 4 4 | 12 12 5-11 2713

10.0 |10.0 |10.0 | 1-6 6- 2 2-0 6|10 0-8| 4-8| 3-6 - - - 4 4 | 12 12 5-11 2867

15.0 |10.0 {10.0 | 1-6 6- 3 2-1 6 9| 0-8| 411, 39 - - - 4 4 | 12| 10 6-0 2981

20.0 |10.0 |10.0| 1-6 6- 3 2-1 6 9| 0-8| 411, 39 - - - 4 4 | 12| 10 6-0 3103

25.0 |10.0 |10.0| 1-6 6- 4 2-1 6 9| 0-8| 5-2| 40 - - - 4 4 | 12 10 6-1 3149

30.0 |10.0 |10.0| 1-6 6- 6 2-2 6 9| 0-8| 5-2| 40 - - - 4 4 | 10| 10 6-3 3064

35.0 |10.0 |10.0| 1-6 6- 8 2-2 6 | 12| 0-8| 5-2| 4-0 - - - 4 4 | 10| 10 6-5 3031
4 12| 0-6| 2-5| 1-3

40.0 |10.0 [10.0 | 1-6 | 6-10 2-3 6 |12 0-8| 5-2| 4-0 - - - 4 4| 10| 10 6-7 2932
4 12| 0-6| 2-11| 19

45.0 |10.0 [10.0 | 1-6 | 6-11 2-3 6 |12 0-8| 5-2| 4-0 - - - 4 4 9 10 6- 8 2928
4 12| 0-6| 2-11| 19

50.0 |10.0 |10.0| 1-6 7-1 2-4 6|11 0-8| 5-2| 4-0 - - - 4 4 9 9 6-10 2824
4 /11| 0-6| 2-8| 1-6
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 12'-0" MAX. SOIL

STEM FOOTING n(E) and n(E) BARS Vi BAR v, BAR I BAR e

i IS I b X |size|spa] A B | o |size|sea | ety | size | size 2EAME L ENeTH | s per

Fi. In. | In. |Ft.-In.| Ft.-In. | Fi.-In. In. [Ft.-In|Ft.-In.| Ft.- In. In. | Fi.-In. In. | In. | Ft.-In. 5q. Ft.

0.0 |10.0 {10.0 | 1-6 6-5 2-1 6 |12 0-8| 4-2| 3-0 - - - 4 4 | 12 12 6- 2 2010

2.5 |10.0 {10.0 | 1-6 6-5 2-1 6 |10 0-8| 4-5| 3-3 - - - 4 4 | 10 12 6- 2 2556

5.0 |10.0 {10.0 | 1-6 6-5 2-1 6 | 10| 0-8| 4-11| 3-9 - - - 4 4 | 10 12 6- 2 2639

7.5 |10.0 {10.0 | 1-6 6-5 2-1 6 91 0-8|411 39 - - - 4 4 | 10 10 6- 2 2818

10.0 |10.0 |10.0 | 1-6 6-5 2-1 6 91 0-8| 52| 4-0 - - - 4 4 | 10 10 6- 2 2976

15.0 |10.0 |10.0 | 1-6 6- 6 2-2 6 |12| 0-8| 5-5| 4-3 - - - 4 4 | 10 10 6- 3 3085
4 12| 0-6]2-11| 19

20.0 |10.0 {10.0 | 1-6 6- 7 2-2 6 |11 0-8| 5-5| 4-3 - - - 4 4 | 10 9 6- 4 3187
4 11| 0-6]2-11| 19

25.0 |10.0 {10.0 | 1-6 6- 8 2-2 6 |11 0-8| 5-8| 4-6 - - - 4 4 | 10 9 6-5 3238
4 11| 0-6]2-11| 19

30.0 |10.0 |10.0 | 1-6 | 6-10 2-3 6 |11 0-8| 5-8| 4-6 - - - 4 4 9 9 6-7 3159
4 11| 0-6]2-11] 19

35.0 |10.0 |10.0 | 1-6 | 6-11 2-3 6 | 12| 0-8| 5-8| 4-6 - - - 4 4 9 9 6- 8 3175
51121 0-7| 3-5] 2-3

40.0 |10.0 |10.0| 1-6 7-2 2-4 6 | 11| O- 5-8| 4-6 - - - 4 4 8 9 6-11 3036
51111 0-7| 32| 20

45.0 |10.0 |10.0 | 1-6 7-4 2-5 6 |11 0-8| 5-8| 4-6 - - - 4 4 8 8 7-1 2939
5111 0-7| 32| 20

50.0 |10.0 {10.0 | 1-6 7-5 2-5 6 |11 0-8| 5-8| 4-6 - - - 4 4 8 8 7-2 2933
5 111 0-7]132] 20
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 12'-6" MAX. SOIL

STEM FOOTING n(E) and n, (E) BARS Vi BAR V; BAR t BAR e

e B A b X |size|seal A B | ¢ |size|sea| Lewetw | size | size 2RO 1 eweTH T hn per

Fi. In. | In. |Fi.-In.| Ft.-In. | Fi.-In. In. | Ft.-In | Ft.-In.[ F1.-In. In. | Ft.-In. In. | In. | Ft.-In 5q. i

0.0 |10.0 |10.0| 1-6 6- 8 2-2 6| 10| 0-8| 4-8| 3-6 - - - 4 4 | 10 12 6-5 2089

2.5 |10.0 |10.0| 1-6 6- 8 2-2 6 | 10| 0-8]| 4-11| 3-9 - - - 4 4 9 10 6-5 2680

5.0 |10.0 |10.0 | 1-6 6- 8 2-2 6 9/ 0-8| 5-2| 4-0 - - - 4 4 9 10 6-5 2739

7.5 |10.0 |10.0 | 1-6 6- 8 2-2 6 | 12| 0-8| 5-5| 4-3 - - - 4 4 9 10 6-5 2931
4 12| 0-6| 2-11| 19

10.0 |10.0 |10.0 | 1-6 6- 8 2-2 6| 11| 0-8| 5-8| 4-6 - - - 4 4 9 10 6-5 3084
4 11| 0-6| 2-11| 19

15.0 |10.0 |10.0 | 1-6 6-9 2-3 6 |11| 0-8| 4-8| 3-6 - - - 5 4 9 9 6- 6 3211
5111 0-7| 3-2| 2-0

20.0 |10.0 |10.0| 1-6 | 6-10 2-3 6 | 11| 0-8| 4-11| 3-9 - - - 5 4 9 8 6- 7 3319
5111 0-7| 3-5| 2-3

25.0 |(10.0 |10.0| 1-6 | 6-11 2-3 6 | 11| 0-8]| 4-11| 3-9 - - - 5 4 8 8 6- 8 3374
5111 0-7| 3-5| 2-3

30.0 |10.0 |10.0 | 1-6 7-1 2-4 6 | 10| 0-8| 4-11| 3-9 - - - 5 4 8 8 6-10 3299
5110] 0-7] 3-5| 2-3

35.0 [10.0 |10.0 | 1-6 7- 4 2-5 6 | 10| 0-8| 5-2| 4-0 - - - 5 4 8 8 7-1 3170
5,110 0-7] 3-5| 2-3

40.0 |10.0 |10.0| 1-6 7-5 2-5 6 | 10| 0-8| 5-2| 4-0 - - - 5 4 8 8 7-2 3179
5110] 0-7] 3-5| 2-3

45.0 |10.0 |10.0| 1-6 7-7 2-6 6 | 10| 0-8| 5-2| 4-0 - - - 5 4 8 8 7-4 3083
5,110] 0-7] 3-5| 2-3

50.0 |10.0 |10.0 | 1-6 7-9 2-7 6 | 10| 0-8| 5-2| 4-0 - - - 5 4 8 8 7-6 2986
5110 0-7] 3-5| 2-3
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 13'-0" MAX. SOIL

STEW FOOTING nE) and n,(E) BARS Vi BAR v; BAR ' BAR e

e A b ¥ |size|seal A B | o |size|sea | Lentw | size | size 2R ENGTH [ (b per

Fi. In. | In. |Ft.-In| Ft.-In. | Fi.-In. In. [Fl.-In|Fi.-In.| Fi.-In, In. | Ft.-In. In. | In. | Fi.-In. 5q. f1.

0.0 |10.0 |10.0| 1-6 | 6-11 2-3 6 | 10| 0-8| 5-2| 4-0 - - - 4 4 9 12 6- 8 2169

2.5 |10.0 |10.0 | 1-6 7-0 2-4 6 9| 0-8| 5-5| 4-3 - - - 4 4 8 10 6-9 2715

5.0 |10.0 |10.0 | 1-6 7-0 2-4 6 11| 0-8| 5-8| 4-6 - - - 4 4 8 10 6-9 2748
4 11| 0-6] 2-11] 1-9

7.5 |10.0 |10.0 | 1-6 7-0 2-4 6 | 12| 0-8 | 4-11| 3-9 - - - 5 4 8 9 6-9 2933
51121 0-7] 3-8] 2-6

10.0 |10.0 |10.0 | 1-6 7-0 2-4 6 11| 0-8 | 4-11| 3-9 - - - 5 4 8 8 6-9 3087
51111 0-7] 3-5] 2-3

15.0 |10.0 |10.0 | 1-6 7-0 2-4 6 10| 0-8| 5-2| 4-0 - - - 5 4 8 8 6-9 3334
5110, 0-7] 3-5| 2-3

20.0 |10.0 |10.0 | 1-6 7-1 2-4 6 | 10| 0-8| 5-5| 4-3 - - - 5 4 8 8 6-10 3450
5110, 0-7| 3-8| 2-6

25.0 |10.0 |10.0 | 1-6 7-2 2-4 6 | 10| 0-8| 5-5| 4-3 - - - 5 4 8 8 6-11 3510
5110, 0-7] 3-8| 2-6

30.0 |10.5 |105 | 1-6 7-5 2-5 6 10| 0-8| 5-5| 4-3 - - - 5 4 8 8 7-2 3382
51101 0-7] 3-8| 2-6

35.0 |10.5 |105 | 1-6 7-7 2-6 6 10| 0-8| 5-5| 4-3 - - - 5 4 8 8 7-4 3301
5110, 0-7] 3-8| 2-6

40.0 |10.5 |105 | 1-6 7-8 2-6 6 10| 0-8| 5-5| 4-3 - - - 5 4 8 8 7-5 3313
5110, 0-7] 3-8| 2-6

45.0 |10.5 |105| 16 | 7-11 2-7 6 | 10| 0-8| 5-5| 4-3 - - - 5 4 8 8 7-8 3179
51101 0-7] 3-8| 2-6

50.0 |10.5 |10.5 | 1-6 8-1 2-8 6 | 10| 0-8| 5-5| 4-3 - - - 5 5| 12| 12 7-10 3085
5 10/ 0-7| 3-8| 2-6
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 13'-6" MAX. SOIL

STEM FOOTING n(£) and n;(E) BARS vi BAR v; BAR t BAR Pi’?%@’g

FILE T T Tr b X SIZE|SPA.| A B C | S1ZE| SPA.| LENGTH SIZE SIZE HEE\ C%GE LENGTH Lbs. per

i, In. | In. |Fi-In] Fi.-In. | Ft.-In. In. [Ft.-In. | Ft.-In.|Ft.-In. In. Fi.-In. In. | In. | Fi.-In. Sq. ft.

0.0 |10.0 |100 | 16| 7-3 2-5 6 9/ 0-8| 5-8| 46 - - - 4 4 8 | 10 7-0 2180

25 |10.0 100 | 16| 7-3 2-5 6 11| 0-8 | 4-8| 3-6 - - - 5 4 8 9 7-0 2837
4 11| 0-6|2-11| 1-9

5.0 |10.0 100 | 16| 7-3 2-5 6 |11| 0-8 | 4-11| 39 - - - 5 4 8 9 7-0 2848
5]111| 0-7 | 3-5| 2-3

75 |10.0 |10.0| 1-6 | 7-3 2-5 6 10| 0-8 | 5-2| 4-0 - - - 5 4 8 8 7-0 3033
5]110| 0-7 | 3-5| 2-3

10.0 |10.0 |100| 1-6 | 7-3 2-5 6 10| 0-8 | 5-5| 4-3 - - - 5 4 8 8 7-0 3194
5]110| 0-7 | 3-8| 2-6

15.0 |10.0 |100| 1-6 | 7-3 2-5 6 9/ 0-8| 5-8| 46 - - - 5 4 8 8 7-0 3455
5 9/ 0-7| 3-8| 26

20.0 |10.0 |100| 16| 7-4 2-5 6 9/ 0-8|4-11| 39| 5 9 5-6 4 4 8 8 7-1 3580
5 9| 0-7|211| 1-9

25.0 |105|105| 1-6 | 7-5 2-5 6 9/ 0-8| 5-8| 46 - - - 5 4 8 8 7-2 3635
5 9/ 0-7| 3-8| 26

30.0 |105|105| 16 | 7-8 2-6 6 9/ 0-8|4-11| 39| 5 9 5-6 4 4 8 8 7-5 3520
5 9/ 0-7|211| 1-9

35.0 |10.5|105| 1-6| 710 | 2-7 6 9| 0-8| 5-2| 40| 5 9 5-6 4 4 8 8 7-7 3441
5 9| 0-7|211| 1-9

40.0 |10.5 |105| 1-6 | 8-1 2-8 6 9| 0-8| 5-2| 40| 5 9 5-9 4 511 | 12 7-10 3315
5 9| 0-7|211| 1-9

45.0 |10.5 |105| 1-6 | 8-2 2-8 7 | 11| 0-10| 6-2| 5-0 - - - 5 5111 | 12 7-11 3322
6 11| 0-8 | 3-8| 2-6

50.0 |11.0 |11.0| 1-6 | 8-4 2-9 6 9/ 0-8| 5-8| 46 - - - 5 510 | 12 8-1 3220
5 9/ 0-7| 3-8| 26

[enuep LaAIND

ubisaq |lemBulpn - € Uooas



86 "Idy

GG-¢ abied

VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 14' - 0" MAX. SOIL

STEM FOOTING n(E) and n,(E) BARS vi BAR vj BAR t BAR Pi?;g@f

Fi T T T b X |SIzE|sPA.| A B C | SIZE | SPA.| LENGTH SIZE | SIZE Hggf C[ﬁgg LENGTH [ Lbs. per

Ft. In. | In. [Ft.-In] Fi.-In. | Fi.-In. In. [Ft.-In.|[F7.-In.| Ft.-In. In. | Ft.-In. In. | In. | Ft.-In. 5q. Fr.

0.0 |100 100 16| 7-6 | 2-6 | 6 | 11| 0-8| 4-11| 39| - - - 5 4| 8| 10| 7-3 2259
4 111/ 0-6| 32| 20

25 /100 |100| 16| 7-7 | 2-6 |6 11| 0-8 5-2| 40| - - - 5 4 8 8| 7-4 2935
5 11|07 3-5| 23

50 100 100 16| 7-7 | 2-6 | 6 |10| 0-8| 5-5| 4-3| - - - 5 4 8 8| 7-4 2912
5 10| 0-7| 3-8| 26

75 /100 |100| 16| 7-7 | 2-6 |6 10| 0-8 5-8| 46| - - - 5 4 8 8| 7-4 3093
5 10| 0-7 )| 3-11| 29

10.0 |100 {200 |16 7-7 | 2-6 |6 9 0-8 52| 40| 5| 9 5-9 4 4 8 8| 7-4 3256
5 9|07 211 19

150 |105 (10516 7-7 | 2-6 |6 9 0-8 52| 40| 5 | 9 5-9 4 4 8 8| 7-4 3517
5 9/0-7)211] 19

200 |110 110|216 7-7  2-6 | 6| 9/0-8/ 52 40| 5| 9 5-9 4 4 8 8| 7-4 3690
5 9|07 211 19

250 |110 11016 | 7-8 | 2-6 | 6| 9/0-8/5-2 40| 5 | 9 5-9 4 4 8 8| 7-5 3759
5 9|07 211 19

30.0 |11.0 |11.0| 16| 7-11 | 2-7 7 |11|0-10| 6-2| 50| - - - 5 5| 12| 12 7-8 3647
6 11| 0-8) 311 29

35.0 |11.0 |11.0| 16| 8-1 2-8 7 | 11)0-10| 6-5| 53| - - - 5 5| 11| 12} 7-10 3571
6 11| 0-8) 311 29

400 |11.0 11016 | 84 | 2-9 | 7 |11 0-10| 6-5| 53| - - - 5 5 10 12 81 3446
6 11| 0-8) 3-11| 29

450 |115 115| 16| 85 | 2-9 | 7 |11/ 0-10| 6-2| 50| - - - 5 5 10 12 8-2 3446
6 11| 0-8) 3-8| 26

50.0 |115 115 16| 87 | 2110 | 7 |11 0-10| 6-5| 53| - - - 5 5 10 12, 8-4 3354
6 11| 0-8|3-11] 29
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 14'-6" MAX. SOIL

STEM FOOTING n(E) and n,(E) BARS vi BAR v, BAR t BAR F i’?%@g

P T T T b X SIZE|SPA.| A B C | SIZE | SPA.| LENGTH SIZE || SIZE HESEPf UﬁgE LENGTH Lbs. per

Fi. In. | In. [|Fi.-In] Ft.-In. | Ft.-In. In. |Fl-In [ Fl.-In.|Ft.-In. In. Ft.-In. In. | In. | Fi.-In 5q. Ft.

0.0 |10.0 |100| 16| 7-9 2-7 6|11 0-8| 5-5| 4-3 - - - 5 4 8 9 7-6 2339
5111 0-7| 3-8| 2-6

25 |10.0|100| 1-6| 711 | 2-7 6 | 10| 0-8| 5-8| 4-6 - - - 5 511 | 12 7-8 3033
5110 0-7| 3-8| 2-6

5.0 |10.0 |10.0| 1-6| 7-11 | 2-7 6 9| 0-8| 5-2| 40| 5 9 5-9 4 5] 11| 12 7-8 2978
5 9| 0-7| 2-11| 1-9

75 |105|105| 1-6| 711 | 2-7 6 9| 0-8| 5-2| 40| 5 9 6-0 4 5] 11| 12 7-8 3148
5 9| 0-7| 2-11| 1-9

10.0 |10.5|105| 16| 7-11 | 2-7 7 11| 0-10| 6-5| 5-3 - - - 5 51 11| 12 7-8 3312
6 | 11| 0-8| 3-11| 29

15.0 |11.0 |110| 16| 7-11 | 2-7 7 11| 0-10| 6-5| 5-3 - - - 5 511 12 7-8 3579
6 | 11| 0-8| 3-11| 29

20.0 |115|115| 16| 7-11 | 2-7 7 11| 0-10| 6-5| 5-3 - - - 5 51 12| 12 7-8 3761
6 | 11| 0-8| 3-11| 29

25.0 |115115| 16| 7-11 | 2-7 7 11| 0-10| 6-8| 5-6 - - - 5 512 | 12 7-8 3882
6 |11 0-8| 3-11| 29

30.0 |12.0|120| 16| 8-2 2-8 7 11| 0-10| 6-5| 5-3 - - - 5 511 | 12 7-11 3764
6 | 11| 0-8| 3-11| 29

35.0 |12.0 |120| 1-6| 8-4 2-9 7|11 0-10| 6-5| 5-3 - - - 5 5|10 | 12 8-1 3690
6 |11 0-8| 3-11| 29

40.0 |12.0|120| 1-6| 8-7 | 2-10 | 7 | 11| 0-10| 6-8| 5-6 - - - 5 5|10 | 12 8-4 3568
6 |11 0-8| 3-11| 29

450 |12.013.0| 1-6| 88 | 2-10 | 6 9| 0-8| 5-5| 43| 5 9 6-3 4 5 9| 12 8-5 3582
5 9| 0-7| 2-11| 1-9

50.0 |12.0 |{13.0|| 1-6| 8-10 | 2-11 | 6 9| 0-8| 5-5| 43| 5 9 6-3 4 5 9| 12 8-7 3490
5 9/ 0-7| 2-11] 1-9
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 15'-0" MAX. SOIL

STEM FOOTING n(E) and n,(E) BARS vi BAR v; BAR t BAR F /:’*?igg’g

P T T Tr b X SIZE|SPA.| A B C | S1zE | SPA. | LENGTH SIZE | SIZE Hggf C[ﬁgE LENCTH Lbs. per

Fi. In. | In. Fi-In| Fi.-In. | Ft.-In. In. [Ft.-In.|Ft.-In.|Ft.-In. In. Fi.-In. In. | In. | Ft.-In. Sq. Ft.

0.0 |{10.0 |10.0| 1-6| 8-0 2-8 6 10 0-8| 5-2, 40| 5 | 10 5-9 4 5112 | 12 7-9 2418
5110 0-7] 2-11] 19

25 |105|105| 16| 8-3 2-9 6 10, 0-8| 5-2, 40| 5 | 10 5-9 4 5|10 | 12 8-0 3061
5110| 0-7| 2-11] 19

5.0 |10.5|105| 16| 8-3 2-9 6 9| 0-8| 5-5| 43| 5 9 6-3 4 5|10 | 12 8-0 2987
5 9| 0-7] 2-11] 1-9

75 |11.0|110| 16| 8-3 2-9 6 9| 0-8| 5-5| 43| 5 9 6-3 4 5|10 | 12 8-0 3151
5 9/ 0-7| 2-11] 1-9

10.0 |11.0 |110| 16| 8-3 2-9 7| 11| 0-10| 6-8| 5-6 - - - 5 5| 10| 12 8-0 3314
6 11| 0-8| 4-2| 30

15.0 |12.0 |120| 1-6| 8-3 2-9 7| 11| 0-10| 6-8| 5-6 - - - 5 5| 10| 12 8-0 3575
6 11| 0-8| 3-11| 29

20.0 |12.0 130 1-6| 8-3 2-9 6 9| 0-8| 5-5| 43| 5 9 6-6 4 511 | 12 8-0 3774
5 9| 0-7| 2-11] 1-9

25.0 |12.0 130 1-6| 8-3 2-9 6 9| 0-8| 5-8| 46| 5 9 6-6 4 511 | 12 8-0 3896
5 9/ 0-7| 2-11] 1-9

30.0 |12.0|13.0| 1-6| 8-4 2-9 7| 11| 0-10| 6-8| 5-6 - - - 5 5|10 | 12 8-1 3950
6 11| 0-8| 3-11| 29

350 (120|130 1-6| 87 | 2-10 | 7| 11| 0-10|, 6-8| 56| 5 | 11 6-9 4 5| 10| 12 8-4 3832
6 11| 0-8| 3-2| 20

40.0 |12.0 130 1-6| 8-10| 2-11 | 7 | 10| 0-10| 6-5| 53| 5 | 10 6-9 4 5 9 12 8-7 3710
6 110 0-8| 3-2| 20

45.0 |12.013.0| 1-6| 9-1 3-0 7 | 10| 0-10| 6-5| 53| 5 | 10 6-9 4 6| 12| 12| 8-10 3588
6 110 0-8| 3-2| 20

50.0 |12.0 {130 1-6| 9-2 3-0 7 | 10| 0-10| 6-5| 53| 5 | 10 6-9 4 6 | 11| 12| 8-11 3595
6 10| 0-8| 3-2| 20
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 15'- 6" WAX. SOIL

STEM FOOTING n(E) and n,(E) BARS vi BAR v; BAR t BAR F i’?igg’g

HLE T T Tr b X SIZE|SPA.| A B C || SIZE | SPA. | LENGTH SIZE | SIZE HEZA C[ﬁgg LENGTH Lbs. per

1. In. In. |Ft.-In.| Ft.-In. | Ff.-In. In. [Fi.-In. | Ft.-In.[Ft.-In. In. Ft.-In. In. | In. | Fi-In 5q. ft.

0.0 |10.0 100 | 1-6 | 8-4 2-9 6 9/0-8|55| 43| 5 9 6-3 4 5110 | 12 8-1 2466
5 907|211 1-9

25 [105 |105 |16 | 87 | 210 | 6 9|/0-8|55| 43| 5 9 6-3 4 6 | 12 | 12 8-4 3160
5 907|211 1-9

50 1.0 110 |1-6| 87 | 2-10 | 6 9/0-8|5-8| 46| 5 9 6-6 4 6 | 12 | 12 8-4 3049
5 9|0-7 211 1-9

75 |115 {11516 | 87 | 210 | 7 |[11|0-10, 6-8| 56| 5 |11 6-6 4 5 9 | 12 8-4 3210
6 11| 0-8| 3-2| 20

10.0 |12.0 12016 87 | 210 | 7 |11|0-10, 6-8| 56| 5 | 11 6-9 4 5 9 | 12 8-4 3367
6 11| 0-8| 3-2| 20

15.0 |12.0 12016 87 | 210 | 7 |10|0-10, 6-8| 56| 5 | 10 7-0 4 5 9 | 12 8-4 3645
6 10| 0-8| 3-2 | 20

200 120 130| 16| 87 | 210 |7 |10|0-10|6-5| 53| 5 |10 7-0 4 5 9 | 12 8-4 3826
6 10| 0-8| 3-2 | 20

250 |12.0 130| 16| 87 | 210 |7 |10|/0-10|6-8| 56| 5 |10 7-0 4 5 9 | 12 8-4 3981
6 10| 0-8| 3-2 | 20

30.0 120 230 |16| 88 | 210 |7 |10|0-10| 6-8| 56 | 5 | 10 7-0 4 5 9 | 12 8-5 4038
6 10| 0-8| 3-2 | 20

350 [12.0 {13016 | 811 | 2-11 |7 |10|0-10|6-8| 56| 5 | 10 7-3 4 6 | 12 | 12 8-8 3926
6 10| 0-8| 3-2 | 20

40.0 [12.0 |213.0| 1-6 | 9-1 3-0 7 /10 0-10| 6-8| 56| 5 | 10 7-3 4 6 | 11 | 12| 8-10 3849
6 10| 0-8| 3-2 | 20

450 [12.0 140 | 16 | 9-4 3-1 7 /10| 0-10| 6-8| 56 | 5 | 10 7-0 4 6 | 11 | 12 9-1 3731
6 10| 0-8| 3-2 | 20

50.0 |[12.0 140 | 16 | 9-5 3-1 7 110 0-10| 6-8| 56 | 5 | 10 7-3 4 6 | 11 | 12 9-2 3740
6 10| 0-8| 3-2 | 20
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 16'- 0" MAX. SOIL

STEM FOOTING n(£) and n;(E) BARS vi BAR v; BAR t BAR Pi’?%gg

HILE T T Tr b X SIZE|SPA.| A B C | S1zE | SPA.| LENGTH SIZE SIZE Hggf Cfﬁgg LENGTH L bs. per

Fi. In. | In. |F.-In] Fi-In. | Ft.-In In. |Fi-In | Fl.-In.[Fi.-In. In. Ft.-In. In. | In. | Fi.-In. 5q. f1.

0.0 |105 (105 16| 87 | 210 | 6 9/ 0-8/5-8| 46| 5 9 6-6 4 5 9 12 8-4 2549
5 91 0-7]2-11] 1-9

25 |11.0 |110|| 1-6 | 8-10 | 2-11 | 6 9/ 0-8/5-8| 46| 5 9 6-9 4 6 | 11 | 12 8-7 3273
5 9/ 0-7]2-11] 1-9

50 |11.5 115 1-6 | 810 | 2-11 | 7 | 11| 0-10| 6-8| 56| 5 | 11 6-9 4 6 | 11 | 12 8-7 3144
6 11| 0-8| 3-2| 2-0

75 |12.0 |13.0|| 1-6 | 8-10 | 2-11 | 6 9/ 0-8/5-8| 46| 5 9 6-9 4 6 | 12 | 12 8-7 3308
5 9/ 0-7]2-11] 1-9

10.0 |12.0 |13.0| 16| 810 | 211 | 7 |11 010/ 6-8| 56| 5 | 11 7-0 4 6 | 12 | 12 8-7 3474
6 11| 0-8| 3-2| 20

15.0 |12.0 |13.0| 16| 810 | 211 | 7 |10 0-10| 6-8| 56| 5 | 10 7-3 4 6 | 12 | 12 8-7 3760
6 10| 0-8| 3-2| 2-0

200 (120|130 16| 810 | 2-11 | 7 | 10| 0-10| 6-8| 56| 5 | 10 7-6 4 6 | 12 | 12 8-7 3954
6 10| 0-8| 3-2| 2-0

250 (120|140 16| 810 | 2-112 | 7 | 10| 0-10| 6-8| 56| 5 | 10 7-6 4 6 | 12 | 12 8-7 4115
6 10| 0-8| 3-2| 2-0

30.0 [120|140| 16| 811 | 2-112 | 7 | 10| 0-10| 6-8| 56| 5 | 10 7-6 4 6 | 12 | 12 8- 8 4176
6 10| 0-8| 3-2| 2-0

35.0 |12.0 |140| 16| 9-2 3-0 7 10| 0-10| 6-8| 56| 5 | 10 7-6 4 6 | 11 | 12| 8-11 4066
6 10| 0-8| 3-2| 2-0

40.0 |12.0 |14.0| 1-6 | 9-5 3-1 8 |12/ 011 7-2| 60| 5 | 12 7-6 4 6 | 10 | 12 9-2 3950
7 12| 0-10| 3-11| 29

45.0 |12.0 |150|| 16 | 9-7 3-2 7 110|010, 6-8| 56| 5 | 10 7-6 4 6 | 10 | 12 9-4 3873
6 10| 0-8| 3-2| 2-0

50.0 |12.0 |15.0| 1-6 | 910 | 3-3 7 10| 0-10| 6-8| 56| 5 | 10 7-6 4 6 9 | 12 9-7 3753
6 110/ 0-8| 3-2| 2-0
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 16'-6" MAX. SOIL

STEM FOOTING NE) and n,(E) BARS vi BAR v, BAR I BAR F i’?igg’g

FILE T T Tr b X SIZE|SPA.| A B C | s1zE | SPA.| LENGTH SIZE SIZE HESEPf C%GE LENGTH Lbs. per

. In. In. |Ft.-In] Ft.-In. | Fi.-In In. | Ft.-In. | Ft.-In.[ F1.-In. In. Ft.-In. In. | In. | Fh-In. 5q. ft.

00 |112.0 110 16| 810 | 2-11 | 7 |11 |/0-10| 6-8| 56| 5 | 11 7-0 4 6 | 12 | 12 8-7 2632
6 |11 0-8| 3-2| 20

25 115 |115| 16| 9-1 3-0 7 /11,010 6-8| 56| 5 | 11 7-0 4 6 | 10 | 12| 8-10 3356
6 |11 0-8| 3-2| 20

5.0 [12.0 |213.0| 1-6 | 9-1 3-0 6 9|/ 0-8|5-8| 46| 5 9 7-0 4 6 | 11 | 12| 8-10 3242
5 9|0-7)|211| 1-9

75 [12.0 130 1-6 | 9-1 3-0 7 110,010 6-8| 56| 5 | 10 7-3 4 6 | 11 | 12| 8-10 3408
6 |10 0-8| 3-2| 20

10.0 |12.0 |13.0| 16 | 9-1 3-0 7 110,010 6-8| 56| 5 | 10 7-6 4 6 | 11 | 12| 8-10 3589
6 |10 0-8| 3-2| 20

15.0 |12.0 140 |16 | 9-1 3-0 7 110,010 6-8| 56| 5 | 10 7-9 4 6 | 11 | 12| 8-10 3874
6 |10 0-8| 3-2| 20

20.0 [12.0 14016 | 9-1 3-0 7 110,010 6-8| 56| 5 | 10 7-9 4 6 | 11 | 12| 8-10 4082
6 |10 0-8| 3-2| 20

25.0 [12.0 |150 | 16| 9-1 3-0 7 110/ 0-10| 6-8| 56| 5 | 10 7-9 4 6 | 11 | 12| 8-10 4248
6 |10 0-8| 3-2| 20

30.0 [12.0 150 16| 9-2 3-0 7 110,010 6-8| 56| 5 | 10 7-9 4 6 | 11 | 12| 8-11 4313
6 |10 0-8| 3-2| 20

35.0 [12.0 |15.0| 16| 9-5 3-1 7 /10 0-10| 6-8| 56| 5 | 10 8-0 4 6 | 10 | 12 9-2 4205
6 |10 0-8| 3-2| 20

40.0 |12.0 |15.0 |16 | 9-8 3-2 8 |11 /011| 7-2| 60| 5 | 11 8-0 4 6 | 10 | 12 9-5 4091
7 |11 010 3-11| 2-9

450 |12.0 |150 | 1-6 | 9-11 | 3-3 8 |110-11| 7-2| 60| 5 | 11 8-0 4 6 9 | 12 9-8 3974
7 |11 010 3-11| 2-9

50.0 [12.0 |15.0| 16 | 10-1 | 3-4 8 /11011 7-2| 60| 5 | 11 8-0 4 6 9 12 | 9-10 3892
7 |11 0-10| 3-11| 2-9
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 17'-0" MAX. SOIL

STEM FOOTING n(E) and ny(E) BARS Vi BAR v} BAR I BAR e

e A b X |size|seal A 8 | ¢ |size|sea | Lewoth | size | size | EEALIC ) eneTH s per

Fi. In. | In. |Ft.-In| Ft.-In. | Ft.-In. In. | Ft.-In. [ Ft.-In.| Ff.-In. In. | Fi.-In. In. | In. | Ft-In 5q. F1.

0.0 |12.0 |12.0| 1-6 9-1 3-0 7 11| 0-10| 6-8| 5-6 5 11 7-3 4 6 | 11 12 8-10 2718
6 |11 0-8| 3-2| 2-0

25 |120 |13.0| 16 | 9-4 3-1 6 9| 0-8| 58| 46| 5 9 7-3 4 6 | 10 | 12 9-1 3441
5 907|211 19

5.0 |12.0 |13.0 | 1-6 9-4 3-1 7 110010, 6-8| 56| 5 | 10 7-6 4 6 | 10 | 12 9-1 3341
6 |10 0-8| 3-2| 2-0

7.5 |12.0 |13.0 | 1-6 9-4 3-1 7 10| 0-10| 6-8 | 5-6 5 10 7-9 4 6 | 10 12 9-1 3508
6 |10 0-8| 3-2| 2-0

10.0 |12.0 |14.0 | 1-6 9-4 3-1 7 10| 0-10| 6-8 | 5-6 5 10 8-0 4 6 | 10 12 9-1 3692
6 |10 0-8| 3-2| 2-0

15.0 |12.0 |15.0 | 1-6 9-4 3-1 7 /10010, 6-8| 56| 5 | 10 8-0 4 6 | 10 | 12 9-1 3987
6 |10 0-8| 3-2| 2-0

20.0 |12.0 |15.0| 1-6 9-4 3-1 8 | 12| 0-11| 7-2| 6-0 5 12 8-3 4 6 | 10 12 9-1 4208
7 | 12| 0-10| 3-11| 2-9

25.0 |12.0 |15.0| 1-6 9-4 3-1 8 | 11| 0-11| 7-2| 6-0 5 11 8-3 4 6 | 10 12 9-1 4378
7 | 11| 0-10| 3-11| 2-9

30.0 |12.0 |15.0| 1-6 9-5 3-1 8 | 11| 0-11| 7-2| 6-0 5 11 8-3 4 6 | 10 12 9-2 4446
7 | 11| 0-10| 3-11| 2-9

35.0 |12.0 |15.0| 1-6 9-8 3-2 8 | 11| 0-11| 7-2| 6-0 5 11 8-6 4 6 9 12 9-5 4341
7 | 11| 0-10| 3-11| 2-9

40.0 |12.0 |15.0| 1-6 | 9-11 3-3 8 11| 0-11| 7-2| 6-0 5 11 8-6 4 6 9 12 9-8 4228
7 | 11| 0-10| 3-11| 2-9

45.0 |12.0 |15.0| 1-6 | 10-2 3-4 8 |11 0-11| 7-2| 6-0 5 11 8-6 4 6 8 12 9-11 4112
7 | 11| 0-10| 3-11| 2-9

50.0 |12.0 |16.0| 1-9 | 10-5 3-5 8 | 12| 0-11| 7-5| 6-0 5 12 8-3 4 6 | 10 12 | 10-2 4034
7 |12 0-10| 4-2| 2-9
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 17' - 6" MAX. SOIL

STEM FOOTING n(E) and ny(E) BARS Vi BAR v; BAR ' BAR e

e B A S b ¥ |size|seal A 8 | ¢ |size|sea | tenety | size | size EPAENE Ly enGTH T s per

Fi. In. | In. ||Ft.-In| Ft.-In. | Ft.-In. In. | Ft.-In| Ft.-In.| Fi.-In. In. | Fi.-In. In. | In. | Ft.-In. 59. F1.

0.0 |12.0 {13.0 | 1-6 9-4 3-1 6 9/ 0-8|5-8]| 4-6 5 9 7-6 4 6 |10 12 9-1 2801
5 9[0-7]211] 19

25 |12.0 {13.0 | 1-6 9-7 3-2 7 111 |/0-10| 6-8 | 5-6 5 11 7-9 4 6 9 12 9-4 3522
6 |11 0-8] 32| 20

5.0 |12.0 {13.0 | 1-6 9-7 3-2 7 110 | 0-10| 6-8 | 5-6 5 10 8-0 4 6 9 12 9-4 3441
6 110 0-8| 3-2| 2-0

7.5 |12.0 {14.0 | 1-6 9-7 3-2 7 110 | 0-10| 6-8 | 5-6 5 10 8-3 4 6 9 12 9-4 3611
6 |10 0-8| 32| 20

10.0 |12.0 |15.0 | 1-6 9-7 3-2 7 110 | 0-10| 6-8 | 5-6 5 10 8-3 4 6 9 12 9-4 3795
6 110 0-8| 3-2| 2-0

15.0 |12.0 |15.0 | 1-6 9-7 3-2 8 |11 |/0-11|7-2| 6-0 5 11 8-6 4 6 9 12 9-4 4096
7 /11 ]0-10] 3-11| 2-9

20.0 |12.0 |15.0 | 1-6 9-7 3-2 8 |11 |/0-11|7-2| 6-0 6 11 8-9 4 6 9 12 9-4 4329
7 /11010 3-11| 2-9

25.0 |12.0 |16.0 | 1-9 9-7 3-2 8 |12 |0-11| 7-5| 6-0 5 12 8-6 4 6 | 12 12 9-4 4546
7 112 1010 4-2| 29

30.0 |12.0 {16.0 | 1-9 9-7 3-2 8 |11 |/0-11| 7-5| 6-0 5 11 8-6 4 6 | 12 12 9-4 4666
7 111010 4-2| 29

35.0 |12.0 |16.0 | 1-9 | 9-10 3-3 8 |11/ 0-11| 7-5| 6-0 5 11 8-6 4 6 |11 12 9-7 4560
7 111010 4-2| 29

40.0 (120 |16.0| 1-9 | 10-1 3-4 8 |11/ 0-11| 7-5| 6-0 5 11 8-9 4 6 | 10 12 9-10 4447
7 111010 4-2| 29

45.0 (120 |16.0 | 1-9 | 10-4 3-5 8 |11/ 0-11| 7-5| 6-0 6 11 8-9 4 6 | 10 12 | 10-1 4329
7 111010 4-2| 29

50.0 |12.0 |16.0 | 1-9 | 10-7 3-6 8 |11/ 0-11| 7-5| 6-0 6 11 8-9 4 6 9 12 | 10-4 4210
7 1111010 4-2| 2-9
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 18'-0" MAX. SOIL

STEM FOOTING nE) and n, (E) BARS Vi BAR v; BAR I BAR e

e IR I I b ¥ |size|seal A 8 | o |size|sea| Lewetn | size | size 2R L ENGTH | s per

Fi. In. | In. |Ft.-In] Ft.-In. | Ft.-In. In. [Fi.-In|Ft.-In.|Fi.-In. In. | Ft.-In. In. | In. | FlL-In. 5q. .

0.0 |12.0 |13.0| 1-6 9-8 3-2 7 | 10| 0-10| 6-8| 5-6 5 10 8-0 4 6 9 12 9-5 2849
6 | 10| 0-8| 3-2| 2-0

25 |12.0 |113.0| 1-6 | 9-10 3-3 7 | 10| 0-10| 6-8| 5-6 5 10 8-3 4 6 8 12 9-7 3602
6 | 10| 0-8| 3-2| 2-0

5.0 |12.0 |114.0| 1-6 | 9-10 3-3 7 10| 0-10| 6-8| 5-6 5 10 8-6 4 6 8 12 9-7 3543
6 10| 0-8| 3-2| 2-0

7.5 |12.0 |115.0| 1-6 | 9-10 3-3 7 | 10| 0-10| 6-8| 5-6 5 10 8-6 4 6 8 12 9-7 3714
6 10| 0-8| 3-2| 2-0

10.0 |12.0 |15.0| 1-6 | 9-10 3-3 8 | 11| 0-11| 7-2| 6-0 6 11 8-9 4 6 8 12 9-7 3895
7 | 11| 0-10] 3-11| 2-9

15.0 |12.0 |16.0| 1-9 | 9-10 3-3 8 | 12| 0-11| 7-5| 6-0 6 12 8-9 4 6 | 11 12 9-7 4243
7 112|010 4-2| 29

20.0 |12.0 |116.0| 1-9 | 9-10 3-3 8 | 11| 0-11| 7-5| 6-0 6 11 8-9 4 6 | 11 12 9-7 4487
7 11| 0-10] 4-2| 2-9

25.0 |12.0 |{16.0| 1-9 | 9-10 3-3 8 | 11| 0-11| 7-5| 6-0 6 11 9-0 4 6 | 11 12 9-7 4674
7 111,010 4-2| 29

30.0 |12.0 |16.0| 1-9 | 9-11 3-3 8 | 10| 0-11| 7-5| 6-0 5 |10 9-0 4 6 | 10 | 12 9-8 4750
7 110,010 4-2| 29

35.0 |12.0 |116.0| 1-9 | 10-1 3-4 8 | 10| 0-11| 7-5| 6-0 6 | 10 9-0 4 6 | 10 | 12 9-10 4696
7 110 0-10] 4-2| 2-9

40.0 |12.0 |16.0| 1-9 | 10-5 3-5 8 | 10| 0-11| 7-5| 6-0 6 | 10 9-3 4 6 9 12| 10-2 4540
7 110 0-10] 4-2| 2-9

45.0 |12.0 |116.0| 1-9 | 10-7 3-6 8 | 10| 0-11| 7-5| 6-0 6 10 9-3 4 6 9 12| 10-4 4467
7 110 0-10] 4-2| 2-9

50.0 |12.0 |16.0| 1-9 | 10-10 | 3-7 8 | 10| 0-11| 7-5| 6-0 6 | 10 9-3 4 6 8 12| 10-7 4349
7 110,010 4-2| 2-9
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 18'-6" MAX. SOIL

STEM FOOTING A(E) and 0, (E) BARS Vi BAR vy BAR ' BAR e

Sl I I b X |size|seal A 8 | ¢ |size|sea| tenern | size | size EERENE L EGTH [ s per

Fi. In. | In. [Fi-In] Fi.-In. | Fi.-In. In. |Ft.-In[Fl.-In. [ Ft.-In. In. | Ft.-In. In. | In. | Ff.-In. 59. Fi.

0.0 12.0 |13.0| 1-9 | 9-11 3-3 7 |10 | 0-10| 6-11| 5-6 5 10 8-3 4 6 | 10 | 12 9-8 2964
6 |10 0-8| 3-5| 2-0

25 [12.0 |140 | 1-9 | 10-1 3-4 7 10| 0-10| 6-11| 5-6 5 10 8-3 4 6 9 12 9-10 3722
6 |10 0-8| 3-5| 2-0

50 [12.0 |150 | 1-9 | 10-1 3-4 7 10| 0-10| 6-11| 5-6 5 10 8-6 4 6 9 12 9-10 3669
6 |10 0-8| 3-5| 2-0

75 [12.0 |150 | 1-9 | 10-1 3-4 8 |11 |/0-11| 7-5| 6-0 6 11 8-9 4 6 9 12 9-10 3850
7 111,010 4-2| 2-9

10.0 |12.0 |15.0 | 1-9 | 10-1 3-4 8 |11|0-11| 7-5| 6-0 6 11 9-0 4 6 9 12 9-10 4031
7 111,010 4-2| 2-9

15.0 |12.0 |16.0 | 1-9 | 10-1 3-4 8 |11|0-11| 7-5| 6-0 6 11 9-3 4 6 | 10 | 12 9-10 4351
7 111010 4-2| 2-9

20.0 |12.0 |16.0 | 1-9 | 10-1 3-4 8 /10| 0-11| 7-5| 6-0 6 10 9-3 4 6 | 10 | 12 9-10 4606
7 110|010 4-2| 2-9

25.0 |12.0 |16.0 | 1-9 | 10-1 3-4 8 10| 0-11| 7-5| 6-0 6 10 9-6 4 6 | 10 | 12 9-10 4803
7 110010 4-2| 2-9

30.0 |12.0 |16.0 | 1-9 | 10-2 3-4 8 /10| 0-11| 7-5| 6-0 6 10 9-6 4 6 9 12 9-11 4882
7 110010 4-2| 2-9

35.0 |12.0 |16.0 | 1-9 | 10-5 3-5 8 10| 0-11| 7-5| 6-0 6 10 9-6 4 6 9 12| 10-2 4784
7 110010 4-2| 2-9

40.0 |12.0 |17.0 | 1-9 | 10-8 3-6 8 10| 0-11| 7-5| 6-0 6 10 9-6 4 6 8 12| 10-5 4680
7 110|010 4-2| 2-9

450 |12.0 17.0| 1-9 | 10-11 | 3-7 8 /10| 0-11| 7-5| 6-0 6 10 9-6 4 6 8 8| 10-8 4567
7 110010 4-2| 2-9

50.0 |12.0 |17.0 | 1-9 | 11-1 3-8 8 |10 0-11| 7-5| 6-0 6 10 9-9 4 6 8 8 | 10-10 4491
7 110|010 4-2| 2-9
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VERTICAL CANTILEVERT-TYPEWINGWALLS

DESIGN HEIGHT Hp = 19'-0" MAX. SOIL

STEM FOOTING n(E) and n;(E) BARS vi BAR v, BAR t BAR F i";sigg’g

P T T Tr b X SIZE|SPA.| A B C | SIZE| SPA.| LENGTH SIZE | SIZE Hggf C[ﬁgg LENGTH Lbs. per

1. In. In. |Ft.-In| Fi.-In. | Ft.-In. In. |Ft.-In.|Ft.-In.|Ft.-In. In. Ft.-In. In. | In. Ft.-1n. 5qg. F1.

0.0 |12.0 {140 | 1-9 | 10-2 | 3-4 7 |10 0-10|6-11| 56 | 5 | 10 8-9 4 6 |10 | 12| 9-11 3047
6 10| 0-8| 3-5| 2-0

25 |12.0 140 1-9 | 10-4 | 3-5 8 |120-11| 7-5| 60| 6 | 12 8-9 4 6 8 12 | 10-1 3803
7 112 ]0-10| 4-2| 29

5.0 |12.0 |15.0| 1-9 | 10-4 | 3-5 8 |11011| 7-5| 60| 6 | 11 9-0 4 6 9 12 | 10-1 3790
7 111]0-10| 4-2| 29

7.5 |12.0 |150| 1-9 | 10-4 | 3-5 8 |11011| 7-5| 60| 6 | 11 9-3 4 6 9 12 | 10-1 3950
7 111]0-10| 4-2| 29

10.0 |12.0 |16.0| 1-9 | 10-4 | 3-5 8 |110-11| 7-5| 60| 6 | 11 9-6 4 6 9 12 | 10-1 4134
7 111]0-10| 4-2| 29

15.0 |12.0 |16.0| 1-9 | 10-4 | 3-5 8 |10 0-11| 7-5| 60| 6 | 10 9-9 4 6 9 12 | 10-1 4458
7 110]0-10| 4-2| 29

20.0 |12.0 |16.0| 1-9 | 10-4 | 3-5 8 |10 0-11| 7-5| 60| 6 | 10 9-9 4 6 9 12 | 10-1 4722
7 110]0-10| 4-2| 29

25.0 |12.0 |17.0| 1-9 | 10-4 | 3-5 8 |10 0-11| 7-5| 60| 6 | 10 9-9 4 6 9 12 | 10-1 4934
7 110]0-10| 4-2| 29

30.0 |12.0 [{17.0| 1-9 | 10-5 | 3-5 8 |10 0-11| 7-5| 60| 6 | 10 10-0 4 6 9 12 | 10-2 5016
7 110]0-10| 4-2| 29

35.0 |12.0 ({180 1-9 | 10-8 | 3-6 8 |10 0-11| 7-5| 60| 6 | 10 10-0 4 6 8 8 | 10-5 4923
7 10| 0-10| 4-2| 29

40.0 |12.0 [18.0| 19 | 10-11 | 3-7 8 |10 0-11| 7-5| 60| 6 | 10 10-0 4 6 8 8 | 10-8 4818
7 110 0-10| 4-2| 29

45.0 |12.0 (180 19| 11-2 | 3-8 8 /10| 0-11| 7-5| 6-0 | 6 | 10 10-0 4 7 |10 | 10 | 10-11 4707
7 10| 0-10| 4-2 | 29

50.0 |12.0 |18.0| 1-9 | 11-4 | 3-9 8 |10 0-11| 7-5| 60| 6 | 10 10-0 4 7 |10 | 10| 11-1 4632
7 1101 0-10| 4-2| 29
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DESIGN HEIGHT Hp = 19'-6" MAX. SOIL
STEM FOOTING n(E) and n,(E) BARS vi BAR v, BAR t BAR F /Z’*;S%g’g
FILE T T Tr b X SIZE| SPA.| A SIZE | SPA. | LENGTH SIZE SIZE Hggf Clﬁgg LENGTH Lbs. per
. In. | In. |Ft.-In.| Fi.-In. | Ft.-In. In. [Ft.-In. In. Ft.-In. In. | In. | Ft.-In Sq. Ft.
0.0 |{12.0|15.0| 1-9| 10-5| 3-5 7 | 10| 0-10 6 | 10 9-0 4 6 9| 12| 10-2 3130
6| 10, 0-8
25 |12.0|15.0| 1-9| 10-7| 3-6 8| 12| 0-11 6 | 12 9-3 4 6 8| 12| 10-4 3887
7| 12| 0-10| 4-2
5.0 |12.0|15.0| 1-9| 10-7| 3-6 8| 11| 0-11| 7-5 6 | 11 9-6 4 6 8| 12| 10-4 3911
7 11| 0-10| 4-2
75 |12.0|16.0| 1-9| 10-7| 3-6 8| 11| 0-11| 7-5 6 | 11 9-9 4 6 8| 12| 10-4 4054
7| 11| 0-10| 4-2
10.0 |12.0|16.0|f 19| 10-7| 3-6 8 | 10| 0-11| 7-5 6 | 10 10-0 4 6 8| 12| 10-4 4235
7 | 10| 0-10| 4-2
15.0 |12.0|17.0|f 19| 10-7| 3-6 8 | 10| 0-11| 7-5 6 | 10 10-0 4 6 8| 12| 10-4 4568
7 | 10| 0-10| 4-2
20.0 |{12.0|17.0| 19| 10-7| 3-6 8| 10| 0-11| 7-5 6 | 10 10-3 4 6 8 8| 10-4 4841
7 | 10| 0-10| 4-2
25.0 {12.0/18.0| 19| 10-7| 3-6 8| 10| 0-11| 7-5 6 | 10 10-3 4 6 8 8| 10-4 5026
7 | 10| 0-10| 4-2
30.0 {12.0/18.0| 19| 10-8| 3-6 8| 10| 0-11| 7-5 6 | 10 10-3 4 6 8 8| 10-5 5150
7 | 10| 0-10| 4-2
35.0 {12.0|19.0| 2-0| 10-11| 3-7 8 | 10| 0-11| 7-8 6 | 10 10-0 4 6 9 12| 10-8 5096
7| 10| 0-10| 4-5
40.0 |12.019.0) 20| 11-1| 3-8 8| 10| 0-11| 7-8 6 | 10 10-3 4 6 9| 12| 10-10 5037
7| 10| 0-10| 4-5
45.0 |12.0/19.0) 2-0| 11-4 | 3-9 8| 10| 0-11| 7-8 6 | 10 10-3 4 6 9 8| 11-1 4925
7| 10| 0-10| 4-5
50.0 |12.0|19.0f 20| 11-7| 3-10 | 8 | 10| 0-11| 7-8 6 | 10 10-3 4 6 8 8| 11-4 4809
7| 10| 0-10| 4-5
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Culvert Manual Section 4 - Design Aids and Details

Location: Barrels
Size Lap

#4 1-4"
#5 I’-8"
#6 2’-0"
#7 2-9"
#8 3’-8"
#9 4:-7"

Location: Wingwalls
Size Lap
#4 1-8"
#5 2-2"
#6 2-7"
#7 37-5"
#8 4-6"
#9 5-9"

MINIMUM BAR LAP
LENGTH OF
REINFORCEMENT
Figure 4-1

Apr. 98 Page 4-1
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Z-7 2Inb14

180° END HOOK

180° END HOOK

All Grades

Bar Hook J
Size| AorG

#4 6" 4"
#5 7" 5"
#6 8" 6"
#7 10" 7"
#8 " 8"
#9 I- 3" 113"
#]0 I’-5" -1
#]] -7 1-23"
#14 | 2-3" 1-93,"
#]18 | 3-07 24"

90° END HOOK

Hook

L
|7\orG

90° END _HOOK

All Grades
Bar Hook
Size| Aor G
#4 8"
#5 10"
#6 r-o"
#7 r-2"
#8 I-4"
#9 -7
#/0 | [I-10"
#]] 2-0"
#14 | 2-7"
#18 | 3°-5"

$=J

90°

AorG gf_i}
[ ° I
1<

/(=|
135°

STIRRUP & TIE HOOKS

STIRRUP & TIE HOOKS

Grades 40-50-60 ksi

Bar | 90° Hook | 135° Hook
Size |Hook A or G|Hook A or G
#4 4L 4L
#5 6" 5k
#6 0" g

RE INFORCEMENT BAR
HOOK DIMENSIONS
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AREAS, WEIGHTS, PERIMETERS & SPACING PER ONE FT. SECTION

REINFORCEMENT BARS

Areg | Waht. AREAS - As, given in bold type (top) in 5q. inches.
size | Sq /;er PERIMETERS - Zo, given in light type (bottom) in inches.
. 1.
n. LDS, 4“ 4/211 5” 5/21! 6/1 6/2” 71/ 7/2/: 8” 8/2// 9/: ]O” ]]H ] "
2 oo | .67 147 1.131].118 |.107 |.098|.090(.084|.078 [.074 |.069|.065|.059].053|.049
2.36 2.10 1.89 171 157 145 1.35 126 118 L1 1.05 943 .858 786
3 |.oe | 37 J31.29 (.2r .24 .22.20|(.19 |18 |.1r |.I6 |.15 |.13 |.12|.l
3.54 3.4 2.63 2.57 2.36 2.18 2.02 189 L77 1.66 1.57 141 .29 118
4 |.963 | 668 S99 .52 .47 .43 1.39 .36 |.34 |.31 |.29|.28|.26 |.24|.2] |.20
4.71 4.19 3.77 343 3.4 2.90 2.69 2.51 2.36 2.22 2.09 1.68 171 .57
5 |.3068 | 1043 92 (.82 .74 |.67 |.6] |.57 |.53]|.49 .46 |.43|.41 |.37 |.33|.3]
5.89 5.24 4.71 4.28 3.93 3.62 3.36 .14 2.9 2.77 2.62 2.36 2.14 1.96
6 4418 1.502 1.32 ]..18 ].06 -96 088 .82 .76 .7] .66 o62 .59 -53 .48 .44
7.07 6.28 5.66 5.14 4.71 4.35 4.04 377 3.53 3.33 3.4 2.83 2.57 2.36
7 | .6013 | 2.044 1801160144 |131(1.20| 111 |L.03|.96 |.90 |.85 |.80 |.72 |.66 |.60
8.25 7.33 6.60 6.00 5.50 5.07 4.71 4.40 4.12 3.88 3.67 3.30 3.00 2.75
8 |.7854 | 2.670 2.3612.09(1.88 | 1.71 |1.57 (1.45(1.35]|1.26| .18 | L1l |1.05].94 |.86 |.79
9.42 8.38 7.54 6.86 6.28 5.80 5.39 5.03 4.71 4.44 4.19 377 343 3.4
9 | 1000 | 3400 3.0012.67|2.40(2.18 |2.00|1.85| 1.71 |1.60 | 1.50 | 1.41 [1.33|1.20]1.09|1.00
10.63 9.45 8.51 7.73 7.09 6.54 6.08 5.67 5.32 5.00 4.73 4.25 3.87 3.54
10 | 1.2667| 4.303 3.80(3.36813.04|2.76|2.53|2.34|2.17 |2.03| 1.90 | 1.79 | .69 |1.52 |1.38 | .27
. ’ 11.96 10.63 9.58 8.71 7.98 7.37 6.84 6.39 5.99 5.64 5.32 4.79 4.35 3.99
11 |6 | 5313 4.6914.17|3.75(3.4113.13|2.89|2.68|2.50]|2.34|2.21|2.08|1.87 | 1.70 | 1.56
13.28 11.80 10.63 9.67 8.66 8.18 7.60 7.09 6.65 6.26 5.91 5.32 4.83 4.43
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Culvert Manual Section 4 - Design Aids and Details

/
/
\/
——
&/
#4 @ [2"
211"
5- #8
15"
L ewty JEET
a) 7 [/ 1 _
/ 5-#8] D—] .
Const. Jo/m‘—/_. & ;N}_
1 (o] ]
5- #8 g LN
i N 2l
o) 7

[
25— 5 ng_/ 5] N\ Const. Joint
#4 @ I12"

SECTION THRU BOX AT COLLAR

SECTION THRU SIDEWALL

@D L P.UF.
o - E.
[ g kS
#8—(C1 B
. )
2// CM
(Typ.) |5 #8 ¥#4
SECTION THRU TOP AND BOTTOM SLAB SETTLEMENT
COLLAR
Figure 4-4
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Culvert Manual Section 4 - Design Aids and Details

Y.v.Y —_ y.v.N
\+4 A >4
S
-® - ® Note: (to be placed on the
Clear Span plans) Expansion bolts shall
be " ¢ hooked bolts.
Hooked bolts shall extend
*c; a minimum of 9" into new
':E, concrele.
/—34" ¢ Expansion bolts S
QL
G
d ®

See table for number of
Expansion Bolls per side.

CROSS SECTION THRU BARREL

Clear Span [No- of 4" Exp. Bolts Req‘d per side
or Extension £ 15’ | Extension > 15| Example:
Clear Height * . * . 6°'x4’ box culvert to be
. No.
No SPacing 0 >pacing extended 18° at one end only.
2.0 * ¥ * ¥ * * * % From table find
2.5 2 18" 2 18" 6 side requires 4-33" ¢
B " Expansion bolts at 20" cts.
3.0 2 24 2 24 4’ side requires 3-3;" ¢
4.0 3 18" 3 18" Expansion bolts at 18" cts.
5.0 4 6" 3 24"
5.0 > 5 4 20" Total Number required
7.0 5 18" 4 24" (4+3)2 = 14-3" ¢ Expan-
8.0 6 17" 5 21" sion Bolts.
9.0 6 19" 5 24"
10.0 7 18" 6 21"
11.0 8 17" 6 24"
12.0 8 19" 7 22"
* Note: E xpansion bolts based on non-skewed
culverts. EXPANS.[ON BOL TS
**Note: Use minimum of one (1) Expansion bolt REQUIRED FOR CULVERT
al each corner. EXTENSIONS
Figure 4-5

Apr. 98 Page 4-5



Culvert Manual Section 4 - Design Aids and Details

Edge beam reinforcement and cross
sectional dimensions same as headwall.
Length to be our to out of barrel.

Headwall —+
e o e o
K ‘b
ooobﬁ
¢
Edge beam dim. same as above.
Use bottom headwall reinf. in 3" ¢ Expansion Bolts
top of bottom slab and top
heaawall reinforcement in bottom l
of edge beam.
o @
Toewall
Culvert E xtension E xisting Culvert

|
!

LONGITUDINAL SECTION

________ >ﬁ___

3, ¢ Expansion Bolts

=

PLAN CULVERT EXTENSION WITH
EXISTING HEADWALL
TO REMAIN

Page 4-6

Figure 4-6
Apr. 98



Culvert Manual Section 4 - Design Aids and Details

E xisting longitudinal
reinf. to be cleaned,

rHedea// straightened and placed
in new slab.

Edge Beam dimensions same as
headwall. Use bottom headwall
reinforcement in top of bottom
slab and top heaadwall reinforce-
ment in bottom of Edge Beam.

¢
3" ¢ Expansion Bolts

8
c__
e 00 < i . o E . o
Toewall —w=
Culvert E xtension E xisting Culvert

|
!

LONGITUDINAL SECTION

Remove portions of wingwall
down to bottom of top slab.

/ / 3" min
Edge Beam / / / ‘
(Bottom slab) / Remove exist. heaawall
and top slab to this line.
/77
______ VS W
Y

Remove portions of wingwall
down to bottom of fop slab.

PLAN

CULVERT EXTENSION WITH
EXISTING HEADWALL REMOVED

Figure 4-7
Apr. 98 Page 4-7



Culvert Manual Section 4 - Design Aids and Details

STAGGERED
PRECAST SECTIONS PRECAST SECTIONS

ALIGNED

PLAN

#4 x bars at

127 cts.
€ Culvert N

Precast : .
Section P
g O
<[y 8
V—
4* SECTION C-C

11_411
~—————={ #4 bars

| ’7
#4xbarsarJ . TJ ———at 127 cs.
a 127 cts. ! ool I [ 3-#4 bars

e

SECTION A-A Precast |Cddt .in Place
Section .. Section’ -
| #4 x bars at 127 cts. N '
(Top and Bottom) 8"
#4 X1 ?; #4 X]
ALTERNATE
‘ SECTION C-C
o si3
Precast /) = « §
Section 30z = S ¥
2// l x| O
cl. = ;4’:. N

NS #4 x;

SECTION B-B

PRECAST TO CAST-IN-PLACE
CONNECTION COLLAR

Figure 4-8
Page 4-8 Apr. 98



Culvert Manual

Section 5 - Base Sheets

Section 5 Base Sheets

DESCRIPTION

See Single Box Culvert
Library - BSLSCUL.CEL

HORIZONTAL CANTILEVER

WING WALLS

"L" TYPE WING AND
FOOTING

“T* TYPE WING AND
FOOTING (H < 8)

"T" TYPE WING AND
FOOTING (H > 8

Table of Contents

BASE SHEET

SSB-H-O
SSB-H-L
SSB-H-R

SSB-L-O
SSB-L-L
SSB-L-R

SSB-T1-O
SSB-T1-L
SSB-T1-R

SSB-T2-O
SSB-T2-L
SSB-T2-R

REQUIRED CELLS

DATE

SSBHO & SSBHO1
SSBHL & SSBHL1
SSBHR & SSBHR1

SSBLO & SSBLO1
SSBLL & SSBLL1
SSBLR & SSBLR1

SSBT10 & SBT101
SSBTI1L & SBT1L1
SSBTI1R & SBT1R1

SSBT20 & SBT201
SSBT2L & SBT2L1
SSBT2R & SBT2R1

6/1/2000
6/1/2000
6/1/2000

6/1/2000
6/1/2000
6/1/2000

6/1/2000
6/1/2000
6/1/2000

6/1/2000

6/1/2000
6/1/2000

June 2000


idot

idot

idot

idot


STATE OF ILLINOIS
DEPARTMENT OF TRANSPORTATION
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~# by bars ot
TBack)

\
‘ Cr. Eev.
e 1 Roadway
& —r __a L
g R I g
— L N
S5 Earth Stape
g 39 Dra
<% v bors ot cfs. Each Vol wo s T I /—Co/mr. a
- oy —T
D N Eo. | —]

T - i r

= T r

4

1-#4 05 bar

1

307

Tilt hook of aibars
if_necessary for 157
min. o,

sreers

L const. .
-2

Jengths per line.
Al construction joints shall be banded.

J-# v bar (Each Corner) Roadway Back
. Face
la s & b3 5o
P P
~ % ojbors ot cfs. 8 o B 88 Flow
g | Boffom of Top Siab 18 g g s —\N— __
N B 2l g |2 2-#6 hy bars in |
§ . P <= & slEa
N # aibars ot cls. Sl336leS 5|83 Top o Headwall ‘
5| I Top of Boffom S eRIal8s g3
£ Ssg8las Sle g n,«{ "
3 seSC8s <jEs L Cokert
N s 5 2 P
#4 ap bars ot 220" cts. *e~e| g t8- -2 i
* Borrom of Bolfom Slab x o x[® P
S-S !
z | i o il
T e ~cl.
S s —]
Back | constr.
Fe g
SHOWING RE INFORCEMENT. SHOWING OUTL INES w ]
£Lan N 1
> i
A distance of haif the length of the wingwall but not less than six feet hs—]
of 7he barrel shall be poured monoliicaly wirh he wingwalls. .
N Relnfarcement Bars shall conform fo fhe requirements of AASHTO M-3l, .
M-42 or W-53, Grade 60.
Burs indicaled thus 2 x 4-#5 etc. indicates 12 lines of bars with 4

SECTION A-A

N

B

3" Drip Notch

SECTION THRU HEADWALL

Wp Siream End Ony)

LOADING HS 20-44 & ALT.

SECTION THRU BARREL

BILL OF MATERIAL

Bor | o | Size | Lergrn | 5n
a [
EZ] —

d 4 a6 [ —
0 —
" —

- Fd

# —

—

v —
v 74 —

oncrete Box Cubverts| Cu. Vo,
Reinforcement Bars _|_Pound.




STATE OF ILLINOIS
DEPARTMENT OF TRANSPORTATION
(Back)
-# ot cts. Short Wing 121 | 4 +
-# nat ' cls. Lang Wing ‘ ‘ Cr. Elev. |
(Front) he
-# hsat ' ofs. Shart Wing | Roodway
-# Mat cfs. Lng Wing &= — o |
Bend in Fiela- | T T 7 T
I
d5 Earth Slope
o 4| Slug 3
I ~# v bars ot cls. Eqch Wall “ V;) ” s, Constr, o1,
W
g |8 A
o N N
SRS B o)
REEEH e :é k]
§= 8= = T
I e | — > T~ - N
5 42 s
N [= 3
NN s 2 f | 3
" i e
4-#4 v bars
£t HALE LONG, SECTION HALE ELEVATION
See Plan View
Dmensions at R L's fo € Roodway
L T® adas o cls. Borl of Top Siab *a bors in skew portion of slab shall
* -# abors ot cts. Top of Borf. Siab be ordered full length & cut fa fil.
Balarce of bar fo be used in oppasite
end of cuvert.
e
-# v bar (Each Corner)
| € Roadway
ne & hy |
5
F abos ol s N 4 i
vatow barrel bl Boffon of Top Sigb KL
cuf to fif N -# aibors ot ofs. S 5|8
§ Top of Boffom Siab %2 a8
N 518 3
K st o885
-# hs bars in Top § - 5 “552 H
of Bottom Siab N <[sT g8
N -#4 ap bors a1 +2-0” cfs. #[E- g
d Buffon of Boffom S/ab NE
*|8
L
g below barrel — v
. T
by &
& LV 5 813
ha & hy
a
<3 >
4 SHOWING REINFORCENENT SHOWING OUTL INES
PLAN
MTES
A distance of haif tre lengh of the wingwall bu? nof less than six feet
of fhe barrel shall be poured monolithically with fhe wingwalls.
oesionen N Reinfarcement Bars shall conform fo the requirements of AASHTO M-3l,
pr— W-42 or W-53, Grace 60,
cuecken Burs inucaled hus 2 x 4-#5 erc. indicates 12 lines of bars with 4
s sessio lengihs per ine.
All construction joints shall be bonded.
cuecken
SSB-H-L__6-1-2000

o
o

sreers

Tilt hook of aibars
if_necessary for 157
min. o,

L const. .
-2

Const. 1.

i L] n o S -

" T

ha an W D
BARS hy & he ] o als

-

-3 or h7

| 12

g %" Drip Aofch

SECTION THRU HEADWALL
Wp Siream Eng Ony)

| constr.

|55 o h7

DESIGN STRESSES
y = 60,000 psi

e = 3,500 psi

LOADING HS 20-44 & ALT.

SECTION -4

SECTION THRU BARREL

BILL OF MATERIAL

Bor | No. | Size Shabe.
[
o #4 e
#4 | 4767 | —™
) —
L —
= 07
hs #6 —
s —
he —
h 07
ha —
v —
v #4 —
oncrete Box Cuhveris| Cu. Vd.
Reinforcement Bars | Pound
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@och) §
-# hyat*cls Shorf Wing 127 + I
-# ot crs Long Wing ‘ Cr. Eler. | 19
(Franns e Tilt ook of oy bars
4 hyat “cts. Shart Wing 1 Roadway if necessery Tor 157
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- N | -
— —_— ] Y
= E Q | A i
o2y — T T
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See Plan View HALF HALF ELEVATION TION T! RR
Dimensions at R%. L's to € Roadway ‘ k Z‘ ‘ BILL OF MATERIAL
] * g bars In skew portion of slab spall — - ———
ho 8 M be ordered full length & cut to fit. Bor | Mo | Size | Length | Sn
Mo o roaam alance of bar 10 be used in opposite BAR o,
oaaway
<, - Y end of cahert. @ [—)
§ 1-# v bar (Each Corner) = —
R ha & hs | 7 ¥4 [ a6 [ —
habsiow barre 7
4] £l 3 g -
£ 37 s &R Fow e
A -#4 0p bors ot 220" cls __ |8 a| @ |e 80" | —
~# hs bars In Top™N Boffom of Botfom Siab o5 < 8|2 #6 he bars in , *6 —
o otton Slab s s MR o ool —
M A a. g2 blss olc 8 ¥ —
g - Sls¢ §2s 5%¢ |[—- h or i 2 o —
K 225 835 Jss ¢ cuvert | ‘ ’J_T . e =
v oburs et “ots ) RN = g bors in
-# _gbars ots. = “|8 —
ng below barrel % Boffon of Top Sicb HERR I 5"”“”@ of Headwall hs or 1y v
aut fo fit -# _ajbars at__” cs, sl 8 s > vi—] u #4 —
a Top of Boffom Slab z R 1
hd = | e
hr 3,7 Drip Notch
v e & N 5 Drip Nofol
a 1e o ra—1
A hr *_-* oborsat  * cfs. Bdt. of Tep Slab SECTION THRU HEADWALL I -
» L . e T B O ‘oncrete Box Caverfs| Cu. Ya.
*atara g cfs, Top of ot S vooe 1M consre. 7 Z Cone cle Hor Laberls) Lo 1o
e & by T Fare | 7.
> o Hs o e
SHOWING REINFORCEMENT SHOWING OUTL INES o]
Lok | DESIGN STRESSES
MITES 4 7y = 60.000 psl
A distance of hif the length of the wingwall but not less than six fest ! f = 3.500 ps!
of the barrel shall be poured monlitnicaly wirh 7he wingwalls.
- Reinforcement Bars shall conform fo fhe requirements of AASHTO M-31.
DESICNED. M-42 or W-53, Grade 60. N
eneoen P Bors indicaled thus 2 x 4- #5 efc. indicates 12 lines of bars with 4
lengths per line. SECTION A-A .
omaun [ All canstruction joins shall be bonded. _ LOADING S 20:44 8 ALT.
cuecken
SSB-H-R__5-1-2000
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i PLAN
v MOTES
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o 3
Al Jaints shall be bonded. ander focting = psf
cuecken
SSB-L-0__6-1-2000 LOADING _HS 20-44 8 AL
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SSB-L-L__ 6-1-2000

Renraraanant bars desiondted (€) shall be epony coafed.
All construction Joints shall be bonded.
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